“It’s no more than an hour by car from Lagoona linn li 
Michigan, to downtown Detroit; a radioactive cloud lakes 
a little longer, unless there’s a strong wind.' 

The sentence above closes the first paragraph o! (,'liap 
ter I of this extraordinary book. And if that sentence tails 
to convince any reader that the message in these pages is 
terrifying and urgent, let him read on as the authors de 
scribe an accident that occurred in the autumn of 1966 at 
the Enrico Fermi Power Plant at Lagoona Beach, Michi 
gan. For weeks, scientists, engineers, utility executives, 
and members of the Atomic Energy Commission held 
their breaths, while they agonized over a situation raising 
the possibility that Detroit with its more than 1.5 million 
citizens might have to be evacuated. 

This is a blockbuster of a book. Every allegation has 
been carefully investigated and, equally carefully, pre¬ 
sented to the reader. Here, for the first time, are not only 
the facts about the hazards of nuclear energy in our cities, 
but suggested alternatives and plans for turning technol¬ 
ogy away from atomic power toward other energy sources 
now in existence or development. 
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It is a generally accepted beliet 
that atomic energy for peaceful purposes is 
safe, clean, reliable, and economical. 

But the shocking fact is... 
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Nuclear Power Plants 
in the United States 


[“See back 
endpapers for map 



Site 

Capacity 

(Kilowatts) 

Alabama 

Browns Ferry 

1,064,500 


Browns Ferry 

1,064,500 


Browns Ferry 

1,064,500 

Arkansas 

Dardanelle Lake 

850,000 

California 

Humboldt Bay 

68,500 


San Clemente 

430,000 


Corral Canyon 

462,000 


Diablo Canyon 

1,060,000 


Sacramento County 

800,000 

Colorado 

Platteville 

330,000 

Connecticut 

Haddam Neck 

462,000 


Waterford No. 1 

652,100 


Waterford No. 2 

828,000 

Florida 

Turkey Point No. 3 

651,500 


Turkey Point No. 4 

651,500 


Red Level 

825,000 


Hutchinson Island 

800,000 

Georgia 

Baxley 

786,000 

Illinois 

Morris No. 1 

200,000 


Morris No. 2 

715,000 


Morris No. 3 

715,000 


Zion No. 1 

1,050,000 


Zion No. 2 

1,050,000 


Quad Cities No. 1 

715,000 


Quad Cities No. 2 

715,000 

Indiana 

Burns Harbor 

515,000 

Iowa 

Cedar Rapids 

537,600 

Maine 

Wiscasset 

790,000 

Maryland 

Lusby 

800,000 


Lusby 

800,000 

Massachusetts 

Rowe 

175,000 


Plymouth 

625,000 

Michigan 

Big Rock Point 

70,300 


South Haven 

700,000 


Lagoona Beach 

60,900 


Bridgman 

1,060,000 


Bridgman 

1,054,000 


Midland 

650,000 


Midland 

650,000 

Minnesota 

Elk River 

22,000 


Monticello 

471,700 


Red Wing No. 1 

550,000 


Red Wing No. 2 

550,000 


Utility Startup 

Tennessee Valley Authority 1970 

Tennessee Valley Authority 1971 

Tennessee Valley Authority 1972 

Arkansas Power & Light Co. 1972 

Pacific Gas & Electric Co. 1963 

Southern Calif. Edison and 1967 

San Diego Gas & Electric Co. 

L A Dept, of Water & Power 1973 

Pacific Gas & Electric Co. 1971 

Sacramento Municipal District 1973 

Public Service Co. of Colorado 1971 

Conn. Yankee Atomic Power Co. 1967 

Northeast Utilities 1969 

Northeast Utilities 1974 

Florida Power & Light Co. 1970 

Florida Power & Light Co. 1971 

Florida Power Corp 1972 

Florida Power and Light Co. 1973 

Georgia Power Co. 1973 

Commonwealth Edison Co 1959 

Commonwealth Edison Co 1968 

Commonwealth Edison Co. 1969 

Commonwealth Edison Co. 1972 

Commonwealth Edison Co. 1973 

Comm. Ed. Co.-la.-III. Gas & Elec. Co. 1970 
Comm. Ed. Co.—la.-III. Gas & Elec. Co. 1971 
Northern Indiana Public Service Co. 1970’s 

Iowa Electric Light and Power Co. 1973 

Maine Yankee Atomic Power Co. 1972 

Baltimore Gas and Electric Co. 1973 

Baltimore Gas and Electric Co. 1974 

Yankee Atomic Electric Co. i960 

Boston Edison Co. 1971 

Consumers Power Co. 1962 

Consumers Power Co. 1969 

Power Reactor Development Co. 1963 

Indiana & Michigan Electric Co. 1972 

Indiana & Michigan Electric Co. 1973 

Consumers Power Co. 1974 

Consumers Power Co 1975 

Rural Cooperative Power Assoc. 1962 

Northern States Power Co. 1970 

Northern States Power Co. 1972 

Northern States Power Co. 1974 


* Site not selected. 


fState not selected. 





Site 

Capacity 

(Kilowatts) 

Utility 

Startup 

Nobraska 

Fort Calhoun 

457,400 

Omaha Public Power District 

1971 


Brownville 

778,000 

Consumers Public Power District and 
Iowa Power and Light Co. 

1972 

Nww Jersey 

Toms River 

515,000 

Jersey Central Power & Light Co. 

1968 


Toms River 

810,000 

Jersey Central Power & Light Co. 

1973 


Artificial Island 

1,050,000 

Public Service Gas and Electric Co. 
of New Jersey 

1971 


Artificial Island 

1,050,000 

Public Service Gas and Electric Co. 
of New Jersey 

1973 

Now York 

Indian Point No. 1 

265,000 

Consolidated Edison Co. 

1962 


Indian Point No. 2 

873,000 

Consolidated Edison Co. 

1969 


Indian Point No. 3 

965,300 

Consolidated Edison Co. 

1971 


Scriba 

500,000 

Niagara Mohawk Power Co. 

1968 


Easton 

765,800 

Niagara Mohawk Power Co. 

1971 


Rochester 

420,000 

Rochester Gas & Electric Co. 

1969 


Shoreham 

523,000 

Long Island Lighting Co. 

1973 


Lansing 

829,200 

New York State Electric & Gas Co. 

1973 



1,115,000 

Consolidated Edison Co.-Orange and 
Rockland Utilities, Inc. 

1973 

North Carolina 

* 

800,000 

Carolina Power and Light Co. 

1973 


* 

800,000 

Carolina Power and Light Co. 

1974 


* 

800,000 

Carolina Power and Light Co. 

_ 

Pennsylvania 

Peach Bottom No. 1 

40,000 

Philadelphia Electric Co. 

1966 


Peach Bottom No. 2 

1,065,000 

Philadelphia Electric Co. 

1971 


Peach Bottom No. 3 

1,065,000 

Philadelphia Electric Co. 

1973 


* 

1,065,000 

Philadelphia Electric Co. 

1975 


* 

1,065,000 

Philadelphia Electric Co. 

1977 


Shippingport No. 1 

90,000 

Duquesne Light Co. 

1957 


Shippingport No. 2 

783,000 

Duquesne Light Co.-Ohio Edison Co. 

1973 


Three Mile Island 

831,000 

Metropolitan Edison Co. 

1971 


* 

1,100,000 

Pennsylvania Power and Light 

1975 


* 

1,100,000 

Pennsylvania Power and Light 

1977 

Puoito Rico 

Punta Higuera 

16,500 

Puerto Rico Water Resources Authority 

1964 

Booth Carolina 

Hartsville 

663,000 

Carolina Power & Light Co. 

1970 


Lake Keowee No. 1 

841,100 

Duke Power Co. 

197* 


Lake Keowee No. 2 

841,100 

Duke Power Co. 

1972 


Lake Keowee No. 3 

841,100 

Duke Power Co. 

1973 

Booth Dakota 

Sioux Falls 

58,500 

Northern States Power Co. 

1964 

Vermont 

Vernon 

513,900 

Vermont Yankee Nuclear Power 
Corp.-Green Mt. Power Corp. 

1970 

Virginia 

Hog Island 

783,000 

Virginia Electric & Power Co. 

1971 


Hog Island 

783,000 

Virginia Electric & Power Co. 

1972 


Louisa County 

800,000 

Virginia Electric & Power Co. 

1974 

Washington 

Richland 

790,000 

Washington Public Power Supply System 

1 1966 

Wist ontln 

Genoa 

50,000 

Dairyland Power Cooperative 

1967 


Two Creeks No. 1 

454,600 

Wisconsin Michigan Power Co. 

1970 


Two Creeks No. 2 

454,600 

Wisconsin Michigan Power Co. 

1971 


Carlton 

527,000 

Wisconsin Public Service Co. 

1972 

f 

* 

1,125,000 

Tennessee Valley Authority 

1973 

♦ 


1,125,000 

Tennessee Valley Authority 

1974 
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FOREWORD 


In Defense of Fear 


IIm hook deals with the peaceful uses of nuclear power, a power 
Mh|.l\ believed to hold the answer to man’s future energy problems, 
tin one which has also been described by Supreme Court Justices Wil- 
h mi I )oug!as and Hugo Black as “the most deadly, the most dangerous 
I'M-, i v. that man has ever conceived.” 

/Vi lhis is being written, 102 commercial nuclear power plants are 
• •p iahlc\ under construction, or planned, and most are scheduled to 
I*, i in generating electricity in the coming decade. Each will be fueled 
with ,1 great many times the amount of uranium required to destroy 
I limshima. Linder certain circumstances a portion of the intensely 
Midm.it live contents of such a reactor can be released into our environ- 
mnii in lhe form of gas or finely divided particles. This material has 
Im rn characterized as a million to a billion times more toxic than any 
known industrial agent, and under not unusual weather conditions 
1 on It I fall out over a large area. Under less common but still con- 
1 ci\ able conditions it could blanket a territory as large as one twentieth 
ul 1 lie continental United States. 

I )cspite the fact that atomic power and reactor technologies are still 
animated with unknowns, these reactors are going up in close proximity 
lo heavy population concentrations. Some have even been proposed for 
location in the heart of a city. Most will be of a size never before at¬ 
tempted by scientists and engineers; they are, in effect, experiments. 
Indeed, because atomic power plants have not to date proved to be of 
practical economic value, they are still officially licensed by our Govern¬ 
ment under the research and development rather than the commercial 
1 la use of the Atomic Energy Act. 

We are deeply concerned that this program represents a peril to every 
living American, and to Americas unborn. 

We are by no means alone in this concern. Congress too has begun 
to show growing uneasiness with the haste and hazard of the atomic 
power program. No fewer than twenty-six Joint Resolutions were be- 
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fore the legislature of the United States when it adjourned in 1968, 
urging investigation and re-evaluation of our atomic power program. 

. . the damage we may already have done to future generations 
cannot be rescinded,” said Senator Thruston B. Morton of Kentucky 
on February 29, 1968, “but we cannot shirk the compelling responsi¬ 
bility to determine if the course we are following is the one we should 
be following.” Morton then introduced a resolution calling for a com¬ 
prehensive review of the Federal Government’s participation in the 
atomic energy electric power program, saying “. . . I have begun to 
look more deeply into our present energy resources and nuclear power 
safety situation. I am dismayed at some of the things I have found- 
warnings and facts from highly qualified people who firmly believe 
that we have moved too fast and without proper safeguards into an 
atomic power age.” 

Representatives John P. Saylor, a Pennsylvania Republican, and 
Arnold Olsen, a Montana Democrat, urging their Plouse colleagues to 
support a Resolution creating a Federal Committee on Nuclear Power, 
pointed out that Resources for the Future, a prestigious research and 
advisory organization in the field of energy which had been commis¬ 
sioned by the President’s Office of Science and Technology, had raised 
serious questions about the true costs of nuclear power, about thermal 
pollution, and about Federal expenditures on atomic energy. This 
group and others have indicated not only that atomic power is proving 
an economic disappointment, but that it may prove an economic catas¬ 
trophe because of unwise fuel policies and failure of fuel production 
technology. Indeed, the fuel which was supposed to provide cheap 
energy for centuries to come may be exhausted before the twenty-first 
century arrives. 

The Resolutions put forward by Senator Morton and Representa¬ 
tives Olsen and Saylor were by no means the most extensive. Senator 
Edward Kennedy of Massachusetts proposed a bill which would virtu¬ 
ally declare a moratorium on construction of new plants until the 
Federal Power Commission had made a study of such matters as siting, 
environmental hazards, seismological and meteorological problems, and 
disposal of atomic wastes. 

In addition to the misgivings of legislators are those felt by many 
highly trained, skilled, experienced men intimately associated with 
nuclear power: physicists, biologists, engineers, public health officials, 
business executives, and technicians. Many of these individuals have 
indicated that the proliferation of atomic power plants and related fa¬ 
cilities represents a threat to human welfare meriting comparison with 
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d.ti n| nuclear war. Some believe it even more insidious, because the 
< l » 1 lull nuclear energy can serve as a force for peace has led the 
pnblii lo minimize the attendant radiation hazards. Yet, as the evi- 
-I. me will show, these are just as great as—indeed, quantitatively they 

• *» i n .iIct than—those of nuclear war. 

Hcnuise this faulty reasoning has led to complacency and relaxed 
1 n-it.tinv, it may be among the most unfortunate errors men have ever 

• mIc Yet if is the foundation for a stupendous and violently expanding 
mdusiiial effort, with some seven to ten billion dollars of non-Federal 
lupit.il already committed, and twenty-two billion estimated by 1980. 

I summing the contentions of experts, we have been moved to con- 

• huIt that such a foundation cannot bear its burden, and that unless 
ih« warnings are heeded soon, the momentum of the atomic power 
»ll"it will carry it beyond the reach of effective control. Not a few 
million ties feel that it may already be too late. 

I ht’sc persons point to visible and widening cracks in the structure 

• I the nationwide atomic power edifice. They mention ill-defined and 
maintained codes and criteria, for instance—citing the fact that of 
I lie ,\Hoo to 5000 standards necessary for a typical reactor power plant, 

• mlv about 100 have been approved; they mention poor design of re- 
u tins and reactor components, loose supervision and quality control, 
ignorance of vital physical and chemical processes, irresponsible han¬ 
dling of critical materials, hazardous location of plants, insufficiently 
developed means of containing, storing, and disposing of extremely 
Iedial radioactive waste, inadequate safeguards, reckless transportation 
n! nuclear material, unacceptable workmanship, faulty construction 
material and techniques, human error, unthought-out effects on the 
rnvironment, and neglect of questions of evacuation, first aid, decon¬ 
tamination, or compensation in the event of a serious or disastrous 
accident. 

They also point out the tendency of nuclear power advocates to 
minimize the possibility of a major nuclear plant accident, the un¬ 
known effects on reactors of natural catastrophes such as earthquakes 
and severe storms, and the ever present possibility of sabotage. And 
•.nine of these experts have been forced to admit that we can destroy 
ourselves without a war , simply by mismanaging peaceful nuclear 
power. They are distressed, and if experts are distressed, the public is 
obliged to give these matters its weightiest attention. 

Unfortunately, public consciousness of such conditions appears to be 
diin, and even some utility executives have confessed to being inade¬ 
quately informed about them. Because the facts have been published 
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in a wide variety of reports, statements, and hearings, many of which 
do not reach the general public, and because those facts have been 
published over a long period of time, the significance of the total pic¬ 
ture they create has been obscured, even to those who are experts in 
particular areas of this complex science. Even taken individually, many 
of these facts are sufficiently disturbing to persuade any thoughtful 
reader that a more cautious approach is urgently needed, yet somehow 
even such unnerving glimpses seem to have been veiled from public 
consideration or have failed to make a deep impression. 

The purpose of this book, then, is to piece together these facts and 
present them comprehensively in order to alert our nation to the risks, 
problems, and errors which may otherwise remain buried in the mass of 
literature that has accumulated on the subject. 

While we have put this book together as laymen, we have drawn, as 
the reader will see, upon authorities in many fields, and have garnered 
much information from official reports of the Atomic Energy Commis¬ 
sion itself. Despite our lack of scientific expertise, then, we are con¬ 
fident that the documentation offered in these pages will gain the 
respect of those whose technical backgrounds would ordinarily make 
them leery of allegations framed by lay persons. Here will be found 
the considered views of scientists, engineers, lawyers, science writers, 
insurance specialists, businessmen, and public health officials, as well 
as members of the Atomic Energy Commission, the Congressional Joint 
Committee on Atomic Energy, and others concerned with atomic 
power. Each sees our nuclear policies and programs from the special 
viewpoint of his own discipline and contributes interpretations of 
specific aspects which may not have occurred to, or been disseminated 
among, experts working in other specialized fields. 

In essence, it is our hope that, presented in this way, stripped of 
technical jargon and “officialese,” confusing charts and bewildering 
statistics, and organized to provide a clearer, broader view of the facts 
which Congress and the public need to form a valid judgment about 
the perilous direction in which we are heading, a more cogent under¬ 
standing will emerge. 

For the most part we have allowed the facts and conclusions brought 
forth by these experts to speak for themselves, keeping our own reac¬ 
tions and interpretations as laymen to a minimum. At the same time, 
we recognize that a body of informed laymen constitutes, in a democ¬ 
racy, the most important agency for determining the course our country 
will take in this matter. Thus in the last chapter we have assumed the 
citizen’s responsibility of pointing out the changes we believe are es¬ 
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iN fithil in national policies and programs related to peacetime nuclear 

In uiging Congress to re-evaluate the nuclear power projects now 
I'ttn •Mining all over our country, we do not believe ourselves against 
... Wc believe progress can and should be achieved, but not at 
feu. !i high risk. We believe, with the deepest conviction, that unless 
il»i , i v evaluation is made soon and greater caution exercised at once, 
we will be inviting unprecedented national calamity. For if, as we 
Mlrvr this book demonstrates, the familiar concept of nuclear plants 
M i Iran, safe, reliable “good neighbors” is a myth, then a single major 
♦n i idem may cost the lives of tens and perhaps hundreds of thousands 
<*l Americans, affect the health of millions more, and cause property 
damage and loss in the billions of dollars. Even if such an event is 
bur*.tailed, the gradual accumulation of immense stores of radioactive 
material and the inevitable release of a measure of its radiation rep- 
u ''til a long-term threat not merely to the population of our country, 
bin in life everywhere on this planet. 

I bis book presents hard facts, and because the facts are frightening, 
mn work may be assailed as a “scare” book. To a certain extent this is 
unavoidable. We cannot help being alarmed by some of the facts 
gathered here, and if some of our distress is communicated to the 
leader, it will only convince him of the depth of our anxiety. It is a 
tendency of our times to be ashamed of fear of the scientific unknown, 
and to believe that no technological hazard is a match for human 
Ingenuity. But we believe that in the case of atomically generated 
electrical power, human ingenuity has created technological hazards 
l.u beyond mortal competence to control. Are these not valid grounds 
I’ur fear? 

Although this book is necessarily critical of the unprecedented power 
which has been vested in the Atomic Energy Commission, and of many 
of l be Commission’s policies and programs, it is not intended to reflect 
on the integrity of its members and staff, nor to castigate it for the 
unprecedented dangers to which we are exposed. 

Created in a whirlwind of national and international enthusiasm 
for the peaceful industrial uses of nuclear power, burdened by 
I lerculean responsibilities, and hampered further by a self-contradic¬ 
tory mandate both to promote and to regulate atomic power, the Com¬ 
mission has done as well, by and large, as any other agency or group of 
men could be expected to do. 

But as we shall point out time and again in the following pages, 
regulatory performance which would be acceptable in less hazardous 
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industries is simply nowhere near good enough in dealing with nuclear 
power. Our concern about the policies and practices of the Atomic 
Energy Commission is predicated on this most demonstrable truth. Ex¬ 
pert and conscientious though the personnel of the Commission may 
be, they are still mortal and hence subject to many forces and condi¬ 
tions beyond their control. The mere fact that they are part of one of 
the most complex governments on earth is sufficient testimony on that 
score. That the Joint Committee on Atomic Energy, which is charged 
with reviewing the Commission’s activities, and that the nuclear in¬ 
dustry and utilities are all subject to the same human limitations and 
potential errors, goes without saying. But although in that respect their 
errors are understandable, in a matter as delicate yet frightfully harm¬ 
ful as atomic processes their errors are nevertheless intolerable. We are 
convinced that those who favor our present commercial nuclear power 
program do not recognize how far we are in actual practice from the 
high standards and ideal conditions which even the most enthusiastic 
proponents acknowledge to be essential to public health and safety. 

It is our hope, then, that this book will not be viewed as an ir¬ 
responsible attack on the atomic energy establishment or the nuclear 
industry, but will rather be looked upon as an urgent plea to our 
nation and its leaders, to those directly connected with the industry 
and those—meaning every citizen—who stand to be affected by it, to 
re-examine our peaceful nuclear program in the perspective we have 
tried to achieve in these pages. 









































"Our technology has outpaced our understanding, our 
cleverness has grown faster than our wisdom.” 

Dr. Roger Revelle, Chairman of the U. S. 
National Committee for the International 
Biological Program 


"Ours is a world of nuclear giants, and ethical 
infants.” 

General Omar Bradley 


"The men who create power make an indispensable 
contribution to the nation’s greatness. But the men 
who question power make a contribution just as in¬ 
dispensable—for they determine whether we use power 
or power uses us.” 

President John F. Kennedy 

"Some say the world will end in fire . . ” 

Robert Frost 


CHAPTER I 


The Goose That Laid the Radioactive Egg 


I .... Beach, Michigan, is not to be confused with Laguna Beach, 

i fili11irnia. The one in Michigan is located on the western shore of 

I .tt" I tie, near the city of Monroe, population 20,000. The farmland 
■ timl 1 here, irrigated by the Raisin River, is rich, the scenery agree- 

HM1, 11 ml the beach resorts attractive. It’s no more than an hour by car 

II hi there to downtown Detroit; a radioactive cloud takes a little 
I mi « i, unless there’s a strong wind. 

VVliat a radioactive cloud would be doing drifting from Lagoona 
Iti a h to Detroit is an interesting question. No such event has taken 
I it 11 r, hut for thirty days in the autumn of 1966, you might have been 
li.mI put to find a reliable nuclear physicist prepared to wager it could 
imt happen by the time he got his wallet out of his trousers. For some¬ 
thing immeasurably frightening had happened at the Enrico Fermi 
Power Plant on October 5, and during the four-week period that fol¬ 
lowed, scientists, engineers, utility executives, and members of the 
Atomic Energy Commission held their breath while viewing a situation 
nosing the possibility that Detroit with its more than 1.5 million in¬ 
habitants might have to be evacuated. 

()n some eight hundred acres in Lagoona Beach the plant stood, 
dedicated to the memory of the Italian physicist whose prodigious intel- 
Ici t had largely been responsible for the first controlled release of 
atomic energy. By invoking Fermi’s name the plant’s promoters had un¬ 
doubtedly hoped his spirit would smile on their project, which prom¬ 
ised consequences as significant to world peace as those the atomic 
bomb had had to world war. Yet the history of the enterprise seemed to 
suggest that the late Nobel Prize winner was having difficulty comply¬ 
ing with their petitions. 

At the heart of Fermi was an atomic reactor, fashioned to generate 
enormous heat through controlled fission of the uranium fuel in its 
core. The heat would convert water into steam, which would in turn 
operate electricity-producing turbines. 
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The plant had a number of features that had never been tested con 
clusively in the commercial field. While all atomic reactors produce 
plutonium as a by-product of normal operation, it was hoped that the 
Fermi would produce large surpluses, which could be used either to 
produce atomic weapons or to fuel other reactors—hence the name 
“breeder” for this kind of reactor. 

Fermi, then, was in many ways an experiment, yet here it was mak¬ 
ing its public debut only thirty miles from Detroit, stoked with about 
half a ton of uranium, enough to make an arsenal of atom bombs of 
Hiroshima potency. 

One might have rested easier had earlier test reactors employing these 
principles and features proved reliable, but experiences with them had 
proved little more inspiring than those with other lands of reactors. 
Furthermore, trial runs at Fermi had given no one reason to hope that 
this machine would give a better accounting of itself than any other. 
The plant had been plagued by mishaps since completion, the latest of 
which revolved around the system by which molten sodium is circulated 
through the tubes containing uranium fuel, cooling them and carrying 
off heat to the boilers. Liquid sodium is at best a tricky substance, and 
at worst a violent one, and it had been misbehaving in Fermi’s core. 
Finally, complications in the steam generator, where the sodium system 
heats the water, had caused a prolonged shutdown. 

By the fall of 1966, however, the apparatus seemed to be back in 
working order, and on the evening of October 4 clearance was given 
to start up the reactor. With the utmost delicacy, technicians in the 
control room activated machinery for withdrawing graphite rods from 
the reactor’s core. These rods absorb radioactivity; when withdrawn, 
they increase the fuel’s rate of chain reaction and thus its heat. With¬ 
drawal of the rods raised the temperature of the reactor to a little be¬ 
yond 550°, at which point the engineers leveled off operation for the 
night. 

On the following morning, after discovery and repair of a faulty 
valve, they set about boosting the powder. Slowly, slowly, withdrawal of 
the rods resumed. Around two in the afternoon a pump malfunc¬ 
tioned, but by 3 p.m. a replacement was activated and they brought the 
power up to 20,000 kilowatts of heat energy. 

At this time one of the instruments in the control room registered 
erratic fluctuations. Though not necessarily ominous, they led the 
technician to conclude it might be a good idea to switch from auto¬ 
matic control of the rods to manual for better handling if trouble 
should develop. When the signal steadied off, he went back to auto- 
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*h |.h Im4* the power up to 34,000 kilowatts, or 17 per cent of 
M rttparity. The fluctuations reappeared on his instrument. In 

* i si couple of temperature recorders showed excessive heat in 

,1 .in pot*, in the core. And an observer noticed that the control rods 

f i'Miml to be withdrawn farther than they should be for the desired 
li^ .l level. 

While they were wandering what to do next, the bells went off. 
till iir.idc the reactor and in some adjoining buildings, sensors were 
t I inf up high radiation readings, setting off alarms throughout the 
mpIcN Automatic devices sealed off every area where high radiation 
* immilcst. Luckily, no one was in those areas. But there were people 
. Ir ilx>ut two million of them within a radius in which fatalities 
Mil.I conceivably occur. And some radioactive gas, it was later deter- 

..I. was released during the accident. 

\n agonizing length of time seemed to pass before the word went out 
« . 1,1m" the reactor. Accordingly, six safety rods were thrust into its 

I . I*, to absorb radiation and kill a potential runaway chain reaction. 

I I nil everybody breathed slowly, waiting for the thing to go one way 

• • 1 the other. 

1 ludoubtedly, in the agonizing moments that followed, many pres- 
1 ni al Fermi wondered about matters they had never really wondered 
about until that moment, particularly what it was like to die from 
1 lint ion poisoning. Some may have been thinking of those poor souls 
it *»I 1, the experimental reactor out in Idaho Falls, Idaho. In 1961 
1 In- plug had blown off its fuel core, sending three men to a particu- 
1111 y gruesome death. The first was dragged out by a heroic rescue 
lcam who suffered a three or four years’ dose of radiation from the few 
moments in which they were in the contaminated chamber and in 
i .intact with the victim, who died a few minutes later, apparently of a 
head injury. But the test-house had been filled with so much radioac¬ 
tive poison it took more than five days before rescuers could recover 
l lu* last of the bodies. If the explosion itself didn’t kill the fellows, they 
must have been roasted alive by fission products. It was reported that 
highly radioactive portions of their bodies were removed and buried in 
ihc hot-waste dump at the site, the rest put in small lead boxes and 
placed in caskets for burial. 

But quick death like that was a blessing compared to the hideous 
torture of slow radiation poisoning. It would start with nausea and 
vomiting; the bowels would turn to water, then to blood. Fever, 
prostration, a gamut of mental symptoms ranging from stupor to 
hysteria. Then the burns would appear. Reduction of white blood cells 
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would cancel bodily defense against infection, initiating internal and 
external bleeding. The hair would come off in obscene patches. 
Delirium, then death. If not death, something worse: life. Permanent 
emaciation, crippling, recurring symptoms, unthinkable pain, vulnera¬ 
bility to further disease and infection, cancer or leukemia, shortening 
of life expectancy, sterility or damage to reproductive organs leading 
to genetic defects in offspring. 

Others at Fermi, perhaps, were able to turn their thoughts away 
from themselves and reflect on broader consequences. Would they have 
to evacuate Detroit? What plans had been drawn up by the city and 
state governments to effect the orderly withdrawal of up to two million 
people from their homes? Where would they go? Who would remain 
behind to protect their property? What would happen to their busi¬ 
nesses? What would happen to the business of Detroit, the automobile 
industry? How long would they have to remain in exile? What radio¬ 
logical procedures and facilities existed to handle victims? The ques¬ 
tions begot more questions until the prospects took on the proportions 
of a stupendous nightmare. Their only contact with sane reality lay in 
the radiation gauges and badges in their control room: So far, these 
did not register contamination. 

A cautious investigation indicated that a runaway had been averted 
by “scramming,” the emergency insertion of the control rods. But the 
crisis was far from over. On the contrary, the initial diagnosis was that 
some of the reactor fuel had melted, a matter of profoundest gravity. 
When a critical mass of uranium 235 is collected in one place, it under¬ 
goes a violently spontaneous chain reaction. At a hasty meeting the 
fear was expressed that enough uranium had recongealed so that a dis¬ 
turbance of the core—by an attempt to remove the damaged fuel, for 
example—would jar it into a critical mass too great to be controlled by 
the control rods, which were already at their maximum. The stuff 
could explode, not with the force of an A-bomb, but still with sufficient 
impact to breach the steel and concrete containment structures of the 
building and hurl clouds of lethal gas into the sky. Then, depending 
on which way the wind blew, and how strongly, and how much ma¬ 
terial escaped . . . 

Walter J. McCarthy, Jr., assistant general manager for the company 
that had developed Fermi, attended that meeting. He was later to say 
that the possibility of such a secondary accident was “a terrifying 
thought.” 

For the next month technicians and experts tiptoed around Fermi 
and spoke of its ailment in whispers, like aborigines camped on the 
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• •In volcano, fearful of provoking the earth god’s wrath. And 
Midi they were to proceed with excruciating deliberateness, they had 
<»v "I knowing whether their next probe might not bring the god 
<nr iii bis feet. 

Im mi 11 sense the Fermi was a special reactor. Its potential for “breed- 
i*ii mote fuel than it consumed was seen as answering many of the 
il l lucl energy problems for centuries to come. Indeed, because the 
■ him Iuitire of atomically produced electricity depended on the suc- 
u| breeders—if they failed, low-cost uranium supplies would be 
- tit 111 led before the end of this century—Fermi represented some of 
if*, highest expectations of government, industry, and tomorrow’s elec- 
1 * 1* 11 v consumer. 

In another sense, though, Fermi shared almost all of the problems 
mil neacherous hazards confronting every other reactor designed be- 
I•'m md since. The Fermi story is especially representative, however, 
h,, ,iuse almost all of the issues raised in the pages that follow were 
i h nl, futilcly, in a battle over that power plant that proceeded to the 
l*n hr .1 court in the land—where they were shockingly resolved in favor 
..I domic power’s proponents. That the menaces of which the public 
i >, 1 ben warned are today growing to monstrous proportions makes it 
Imperative that the lessons inherent in the Fermi episode not be lost 
Mil us. 

I uly in the 1950s, some thirty-five utilities and equipment manu- 
I 11 hirers formed a company to design the Fermi plant, and the 
billowing year these firms were assembled into the Power Reactor De¬ 
vi lupment Co.—known as PRDC—for the purpose of constructing, 
owning, and operating it. Late in 1955 PRDC filed its application for a 
ninstruction permit with the AEC, and humbly lowered its head in 
anticipation of applause from a public grateful to be getting atomically 
produced, low-cost electricity in the near future, and delighted at hav- 
ing a pace-setting scientific facility for a neighbor. 

But although PRDC was certain everyone would find the proposition 
n resistible, no applause was forthcoming. Murmurs in the Detroit area 
indicated that a lot of people found the idea of Fermi considerably 
less than compelling. In fact, some were so little taken with it that they 
talked of going to court to stop it. 

It seems that these people were anxious about the safety features 
of the proposed reactor; or, rather, the lack of them. They just weren’t 
convinced that the scientists and engineers constructing the plant knew 
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enough about the behavior of atomic materials in reactors to predict 
how they would behave under power. 

Of course, many persons who know little about reactor physics think 
of only one thing when someone mentions nuclear energy, and it is 
likely that some of those who objected to Fermi labored under the 
mistaken notion that an accident there could set the reactor off like 
an atomic bomb. Promoters of the project therefore took pains to assure 
the worried that such an event was, by every known law of physics, out 
of the question. 

And yet few took much comfort in these reassurances. All they knew 
was that the building would house enough nuclear material to flatten 
dozens of Hiroshimas. That much lethal material sitting in a neat little 
pile thirty miles southwest of one of the world's industrial capitals sim¬ 
ply wasn't calculated to inspire ease of mind, even if it couldn't go up 
in a mushroom cloud. Some of them had read John Hersey's book on 
Hiroshima, and whether it was morbid of them or not, they just couldn't 
stop dwelling on his images of the leveled city and the mutilated souls 
“lucky” enough to have escaped instantaneous vaporization in the 
fireball. These Detroiters knew it was irrational, that we had tamed 
the atom and all that. Still. . . 

Since these fears had no technical basis in reality, the proponents 
of the plant dismissed them as invalid. A good public relations cam¬ 
paign, it was viewed, would dispel most of the anxiety. Once people 
understood the thing couldn't go off like an A-bomb they'd buy the 
idea without a qualm. And if not—well, you can't please everyone. 

What was more disturbing to PRDC, however, was the body of en¬ 
lightened men and women who did not want the reactor built. They 
knew very well that Fermi couldn't go up in a mushroom cloud— 
but that wasn't what they were complaining about. They were talking 
about a conventional-sized explosion, the kind that could happen if too 
much melted nuclear fuel came together inside the reactor core. They 
talked about unperfected cooling systems. They talked about potential 
failures of safety devices, of power failures, of unthought-out emer¬ 
gency procedures, of untested materials, of untried construction tech¬ 
niques, of unplanned radioactive waste disposal systems, of human 
error. They talked in facts and figures, and they talked with authority. 

And what was disturbing above everything else was that a body of 
extremely knowledgeable technical authorities designated by the Atomic 
Energy Commission itself had deep misgivings . 

The Advisory Committee on Reactor Safeguards is an august panel 
of experts established by Congress for the purpose of advising the par- 
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Ml i \\ (! on the safety of proposed reactors. The AEC is required 
, ... nil data on those reactors to the ACRS for evaluation. Al¬ 

ii. ni'li 11ii AC IIS is not empowered to implement its findings or impose 
. 11.. on applicants, its opinions should, by virtue of its mem- 

U, Integrity and prestige, be tantamount to law. One would think, 

.lulv, that if the ACRS had serious reservations about the safety of 

* ,, „ in,, nil forward progress on it would be stopped until all objec- 
m m» unc totally satisfied. 

\\ lirn AFC Chairman Lewis Strauss opened the Advisory Commit- 
i,. ii port on Fermi, dated June 6, 1956, he read: 

Although there are no facts or calculations available to the 
< ommittee that clearly indicate that the proposed reactor is not safe 
(mi this site, the Committee believes there is insufficient information 
u\ tillable at this time to give assurance that the PRDC reactor can be 
<*1 M inted at this site without public hazard. 

11 mn be imagined that Strauss’s reaction would have been to hold 
up mII further progress on Fermi until the information void mentioned 
I flu* Committee had been filled. It must be understood, however, that 
hi 1056 the Atomic Energy Commission's role as promoter of nuclear 
puwrr was just beginning to show signs of forward movement. Ameri- 
«,in industry and investment capitalists were scrutinizing the reactor 
p Ingram for signs of vigor, and the breeder reactor was looked to with 
P< < ial hope because it would mean the difference between unlimited 
|,icl and a fuel supply largely exhausted before atomic power really 
put under way. But although Strauss must have recoiled sharply from 
die humiliating prospect of having to confess that Fermi might be a 
Pioss and dangerous mistake, it is almost impossible to understand what 
hint ivated him to do what he next did. 

What Lewis Strauss did, according to Representative Chet Holifield 
of California, was to suppress the Advisory Committee's negative re- 
p< >rt. 

I lad not another member of the AEC, Thomas E. Murray, coura¬ 
geously stepped forward to disclose Strauss's action, it might never have 
dime to light. When Murray did, the “fallout” hit the fan. Strausss 
excuse, brought out later, was that his Commission was under no obli¬ 
gation'to follow the Committee’s advice-that it was only one of the 
factors to be considered along with others in reaching a decision as to 
whether it was proper to issue a permit. This explanation put things 
in an even worse light, raising questions as it did about the in depend- 
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families in danger of an explosion or other nuclear accident which 
would imperil their lives, health and property.” Citing the reservations 
raised by the AEC’s own Advisory Committee, the attorney for the 
Petitioners stated: 

The greatest potential hazard presented lies in the possibility that 
die tremendous accumulation of radioactive fission products impris¬ 
oned in the fuel might somehow be released into the atmosphere 
and be distributed by wind, and contaminate inhabited areas. . . . 
These fission products are more toxic per unit weight than any other 
industrially known materials hy a factor of a million to a billion . 
[Emphasis his.] 

The AEC came back with the argument that it was merely issuing 
to the development syndicate a permit to build the reactor. AEC would 
never issue a license to operate it until satisfied that all safety condi¬ 
tions and standards had been met. And certainly, AEC added, between 
commencement and conclusion of Fermi’s construction the serious 
kinks and information gaps in the reactor’s plans would be resolved. 

This view was greeted with some skepticism by the unions, who rea¬ 
soned that if you invest forty million dollars in construction of a plant, 
you darned well expect clearance to operate it when it’s finished. Was 
the AEC prepared for the kind of pressure it would meet if it decided 
against issuance of an operating license after a utility had poured so 
much money into the project? Could rugged businessmen be expected 
to selflessly write off their titanic outlay in the interests of public safety 
if the reactor didn’t pan out? The labor unions did not think so; and 
who knew more about rugged businessmen than labor unions? 

Attention focused early in 1957 on the soon-to-be-published findings 
of a study team appointed by the AEC to determine what the chances 
of nuclear plant accidents were, and what the consequences might be. 
The team had been directed to think in the most pessimistic terms pos¬ 
sible, the idea being to get some notion of the worst we could expect, or 
what nuclear scientists call the “maximum credible accident.” But while 
the credentials of the group were faultless, the objectivity and pessimism 
with which they’d been charged somehow got subverted in preparation 
of the study. For when Theoretical Possibilities and Consequences of 
Major Accidents in Large Nuclear Plants , known also as the “Brook- 
haven Report,” was issued that March, many thought it virtually caked 
with whitewash. Its primary conclusion was that a major accident was 
almost beyond possibility. 
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'I" MX s autocratic control over quasi-judicial proceedings, were 
"•'•"M ,11 " irrelevant, they were definitely at this stage academic. 
11 I " I never been a reactor accident so severe that radioactive ma- 
* 1 ■ 1 'I’ed in appreciable doses from the site. 

V " 1 ’• ns if to oblige the litigants in the Fermi action, the Number 

■ I de n 1 he Windscale Works in England, a breeder reactor, suf- 
I I 11 «erious accident on October 10, 1957, spewing fission prod- 

.much territory that authorities had to seize all milk and 

1 .. foodstuffs in a four-hundred-square-mile area around the 

t 'cii According to Sir John Cockcroft, a leading British nuclear sci- 
" 1. considerably more radioactivity was released at Windscale than 
’ " '' IM ‘I during an explosion of a Hiroshima-type atom bomb. Com- 

.. 1 ,,n P er 3 ° 2 , a British report on the disaster, stated that all of the 

■ " lot’s containment features had failed. 

II" Windscale reactor and the Fermi reactor were by no means 
a • ll - an d Fermi’s apologists hastened to point out that their facility 
1 ■ ec I features diat ruled out a Windscale-type accident. But their 

.•>:«mists hastened right back to point out that Fermi was, after all, 

' h a one-of-a-kind proposition as Windscale had been. Could not 
I • mil be prone to its own unique kind of disaster? The U. S. Naval 
*olnance Laboratory, in its containment study of Fermi was to state: 
Ul,, y °f the containment problems that are peculiar to this reactor 
I' li e never been solved experimentally or theoretically.” 

I < <> Goodman, speaking for the United Auto Workers, put it in 
p iphic terms that people in the Motor City could appreciate: “To lo- 
..iie this experimental plant that has never been brought to full power 
■<> near population centers is as reasonable as trying to control a ten- 
'" n l mck with untested brakes in a congested city street,” he said. 

(II course, it was reasonable in one respect. Because it is expensive 
10 transmit electricity over long distances, utilities find it expedient to 
I an kl power plants as close to population centers as possible. 

(loodman’s simile, and everything else the unions threw at PRDC- 
Al C, was to no avail. On December 10, 1958, the Commission, with 
•1 lew modifications, reaffirmed its original permit to PRDC, and on 
M.iy 26, 1959, issued its Opinion and Final Decision” dismissing all 
exceptions taken by the Petitioners on the grounds that there was 
enough assurance, for the purpose of the provisional permit, that Fermi 
could be built and operated without risk to the health and safety of the 
public. 

but the unions were not to be put down so easily, and they went to 
court. There their assertions were upheld. Two of the three Circuit 
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Judges hearing the case in the U. S. Court of Appeals, in a decision 
rendered June to, i960, felt the AEC’s permit should be set asick. 
The AEC’s “predictions,” the decision stated, did not satisfy the ir 
quirements of the Atomic Energy Act of 1954 that safety he estah 
lishecL before, not during or after, construction gets under way. "Tin- 
possibilities of harm,” Judge Edgerton said for the majority, “are so 
enormous that any doubt as to what the Act requires, and any doubi 
as to whether the Commission made such findings, should be resolved 
on the side of safety.” 

The AEC and the Fermi people did not accept this line of reason 
mg, however, especially as construction of the plant was already far 
along. So they carried their case to the Supreme Court, on the grounds 
that the lower court’s decision would have a “seriously disturbing ef¬ 
fect on the development of the peaceful uses of atomic energy”-a thor 
oughly irrelevant argument. 

It was while the highest court in the land was considering the merits 
of the case that the lid blew off the SL-i reactor in Idaho Falls, killing 
the three men tending it. 

Unfortunately, the implications failed to register on judicial geiger 
counters. The majority of justices on the Supreme Court upheld the 
PRDC permit, and Justice Brennan, delivering the opinion on June 
12, 1961, affirmed his faith in the AEC to stand up against business 
pressures when the time came to issue an operator’s license. At the 
same time, he affirmed faith in PRDC to turn its back on tens of mil¬ 
lions invested if, when the time came for an operator’s license to be 
issued, the AEC should find the plant faulty: 

PRDC has been on notice long since that it proceeds with construc¬ 
tion at its own risk, and that all its funds may go for naught. With its 
eyes open, PRDC has willingly accepted that risk, however great. 

Justice Douglas, with Justice Black concurring, took the most strenu¬ 
ous issue with the verdict, declaring: “The construction given the 
[Atomic Energy] Act by the Commission is, with all deference, a light¬ 
hearted approach to the most awesome, the most deadly, the most dan¬ 
gerous process that man has ever conceived.” 

But that, as the Court had found, was not relevant. 

The legal issues resolved at last, PRDC finished construction and 
began testing Fermi’s systems. But what the laws of man had put to¬ 
gether, the laws of nature now conspired to tear asunder. From the 
outset the plant seemed jinxed. According to Saul Friedman, a Detroit 
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I*#* 'hill writer reviewing the reactor’s history up to July 1966, 

mu i \ 1 'i lirxl 1 he way it was supposed to. The thirty-inch-long pins 
MMiinj/ mimium fuel were designed to last until 3 per cent of each 
. *m * |im | lud been consumed. But after a short time they swelled, 
*i difficult for the liquid sodium coolant to flow between them, 
f engineers had to replace the fuel core after only four tenths of 
1 , ni nl 1 he fuel had been consumed. 

» «» *lini*t replace fuel cores the way you change tires. The process 
i .l( lii air and complicated that it took a year to make the switch— 
• I bill coming to four million dollars. Then, when they finally got the 
mm . hit In, (hey found that liquid sodium had clogged a number of 
1 • 1 • niponents. It had also eroded some graphite, a radiation absorber 
I lo "moderate” or control the fuel’s activity. That meant more 
ffMpIlllr. 

I li»'n f in Friedman’s words: 

I hr steel dome over the reactor vessel had to be redesigned to 

I'M-vent the giant plug that bottled up the reactor from shooting 

I It tough the roof in the event of explosion. 

I hr mechanism to move the fuel elements in the reactor failed. 

The giant cask car, which transports radioactive elements, failed. 

The giant sodium steam generators constantly caused trouble, 

mu I one nearly exploded. They leaked sodium. . . . 

Some of the technicians wondered if the reactor was trying to tell 
ihrm something. 

II v summer of 1966 it was estimated that Fermi, originally financed 
b'i between $40 and $45 million, had cost about $120 million. It had 
I •induced no more than $303,000 worth of electricity and bred nary a 
i*i .1111 of fuel. The reactor hadn’t been brought to anything like its 
m.iximnm capacity, and the way things were going it would be a long 
lime before it even approached it—to say nothing of sustaining it. 

In spite of all these setbacks, the reactor still bumbled along, trying 
lo work out the eighty million dollars worth of bugs it had developed 
during its ten-year sojourn. But although a lot of observers were be¬ 
ginning to call this golden goose a white elephant, it still had one more 
egg to lay. 

And that brings us up to October 5, 1966. 

A year after the accident, it was announced that the eight-inch piece 
of metal in Fermi’s core, pinpointed as the immediate cause of die ac- 
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cident—and it was not a beer can, as had been suggested half fa,, 
tiously by some-had been identified. According to Scientist and Cin 
zen, it was one of six identical sheathing elements in the cooling system 
elements not even called for in the original plans for the reactor, n<n 
officially recorded after installation. They’d been kind of thrown in, 
you might say, as last-moment safety measures during construction. 
Unfortunately, a workman had failed to secure one properly, and ii 
had been swept up by the sodium rushing through the cooling system 
and cast against coolant nozzles, blocking them. This caused several 
fuel subassemblies to overheat, warp, melt, and shove a couple more 
out of kilter, making the meltdown, in the words of Sheldon Novick, 
reporting in Scientist and Citizen, “a bit worse than the 'maximum 
credible accident/ ” 

No one involved with Fermi was injured by radiation; yet all got 
fingers burned. There was a lesson in the experience, and AEC, taking 
a cautious stance toward the future of the breeder program, seemed to 
be willing to learn it. Not so with the business community. The Fermi 
reactor was cool but a few months when, at a panel discussion of the 
Atomic Industrial Forum’s winter convention, Chauncey Starr of 
Atomics International complained: “The national fast-breeder program 
is too small, too slow, and too timid.” 

Plans have just been announced for starting the Fermi reactor up 
in June 1969, two years and eight months after an event as close to 
Armageddon as this country has ever known. 


CHAPTER II 


Those Who Favor Fire 


I’m ili In it Truman, reeling from the horrors he had authorized to be 
mIi 1 lied on Japan, described atomic energy as “a force too revolu- 
m -.»1 iy to consider in the framework of old ideas.” It stood to reason, 
#!<• m, tis CCongress took up the burden of postwar legislation of atomic 
mi ilw that if the energies involved were nothing less than cosmic, 
M»d the human prospects and national destinies nothing short of fun- 
11 in mi t al, then the responsibilities to be fixed on those designated to 
m 11I.lie atomic energy would be close to Herculean. After all, some- 
>h' a man or a group of men—had to be entrusted with control over 
I 1.. . directly bearing on human survival. The leverage inherent in 
dial trust was practically infinite; the wisdom and restraint involved 
m i> uld demand the best that men were capable of giving. 

Many Americans were overwhelmed with remorse and fear over the 
awful destructive energy we had liberated. Sentiment ran high in 
many quarters for the total abandonment of any kind of atomic power, 

I nr good or for evil. Humanity had gone too far, they were saying, and 
must turn back at once before it was propelled on a mad, irrecoverable 
1 nurse. 

Tragically, it was out of die question. Russia’s dismaying belliger- 
ence, and the ominous fact that it had captured some German nuclear 
m 11 mists, ruled out any possibility of dropping our guard, let alone our 
ultimate punch. But even if Russia had not so behaved, it was naive 
to think our Government would dump its atomic bombs and all perti¬ 
nent information into the sea. Sooner or later, someone else would 
learn how to make A-bombs; we were obliged to maintain our ad¬ 
vantage. 

One fact, therefore, was inescapable: This nation was committed to 
continuation of research and development of atomic energy, particu¬ 
larly for the purpose of defense. 

It was a fact that many must have found unbearably bitter. Indeed, 
it would not be hyperbole to suggest that immediate rearmament, and 
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rearmament with atomic weapons following the most savage war of all 
time, was a fact the American nation, as a psychological entity, lii 
erally could not face. The traumatic cruelty of it demanded some sanity 
saving rationale, some desperate hope to which we could cling while 
we stockpiled atomic bombs. That hope took the form of a belief in 
the atoms capability for peaceful service. Many psychologists and social 
scientists have advanced this theory, stating that the American people 

35 3 r T ° T le ’ ! n order t0 assua ge their guilt feelings over the destruc¬ 
tion of Hiroshima and Nagasaki-and, more importantly, over the god 
like (or demonlike) powers their science had created-embraced 

atomic energy as an important contributor to the peacetime needs of the 
world s people. 

This conviction was given great impetus by many scientists who- 
perhaps for the very same reason of compensation for guilt-sincerelv 
e leved that the atom could be turned from mankind’s foe to one of 
its closest allies, that it could be clean, safe, reliable, and economical 
i sychology aside, a great deal of scientific optimism about the future of 
atomic power was founded on a gross misjudgment of the problems 
and dangers inherent in the young technology. In the mid-forties, and 
indeed well into the 1950s, many of the most serious reactor safety 
problems were unknown. Most reactor malfunctions were completely 
unexpected, since, as Dr. James McDonald has pointed out, they would 
have been engineered out had they been anticipated. Barry Commoner 
m an article in Scientist and Citizen has described how the biological 
and genetic effects of different radioisotopes were a very long time in 
emg lecognized; it was not until weapons-testing had already intro¬ 
duced quantities of these poisons into the environment that short- and 

long-term consequences could be described with reasonable scientific 
accuracy. 

These then were the factors that accounted for America’s embarka¬ 
tion on the journey into peacetime nuclear power. The need to con¬ 
tinue development of atomic weaponry provided the technological im¬ 
petus; the dream of the atom’s commercial and humanitarian usefulness 
-a dream fostered by what later proved unjustified optimism on the 
part of many influential nuclear scientists-provided the rationale; and 
pervasive guilt about stealing divine fire supplied the psychological cli¬ 
mate in which the whole mammoth venture could thrive. 

Congress and the President, no less than the American people-and 
perhaps more so, in view of their direct role in the development and 
employment of the atomic bomb-were subject to these psychological 
fluxes, and found the vision of a future energized by the peaceful atom 
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M nil in resist. These were the circumstances in which the Atomic 

• \« 1 nl 1946, setting up the program and providing for the es- 
' hm. hi 1 if the civilian-run Atomic Energy Commission, was passed. 

• 1 < ' ingress, an institution that was supposed to know something 

• ♦I | - liiM.il power, still could not or would not cope with the fact 
1 mu|» n . (-dented responsibilities demand unprecedented preroga- 
! '1 ihnps no legislation could have been framed so as to curtail 
} «« M (‘ • potential privileges. Whether that is so or not, the Act cre- 

• I - 1 1" n 1 unities for the assumption and exertion of prodigious, if not 
m )<11 tiled, power. 

I m " major faults were built into the 1946 Act, either of which 
> hU have been grave enough by itself in a matter of such overriding 
, 1 lance, but which together constituted a truly formidable govem- 
-♦id force. The first of these was the conferment of unprecedented 
j mr on the Atomic Energy Commission; the second was the grant- ■ 

10 1 he Commission of unprecedented independence and privileges 
1 • II regulation. 

\ |o the first, the Act stipulated that the AEC would have exclusive 
•11I10I over production, ownership, and use of fissionable material. 

I in 1 her more, the control extended totally or largely into such areas as 

.nog and refining of ore, research and development, information dis- 

Mim.uion, radiological health and safety programs, licenses and agree- 

• * ♦ * mis, bomb production and other military applications, patents and 

• mm mions, security matters, administration of international arrange- 
Mi. nis on atomic energy, the right of eminent domain over lands con- 

• miing radioactive resources or lands on which atomic facilities were 
im l*c built, and of course ownership of the facilities themselves. 

I bc establishment of a Government monopoly shattered what Tru- 
m.in had called “the framework of old ideas,” and the Act of 1946 
1 mule the AEC exclusive steward of the new framework. It was rea- 
Minetl by some that such a monopoly was necessary then in view of 
ilu’ delicacy and secrecy involved. That may have been so at the out- 

• 1, but time was soon to alter the conditions in which atomic energy 
p< rated, making the AECs immense power a dangerous archaism. 

be 1 nit or Thruston B. Morton, in the 1968 speech quoted earlier in this 
book, reminded his colleagues of “the oft repeated statement in those 
• l.ivs that electrical power from atomic reactors would be so cheap that it 
would not even be worthwhile to meter it,” and of the now ironic 
words of General Leslie Groves when he turned over nuclear responsi¬ 
bility for the Manhattan Project to the Atomic Energy Commission: 
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‘“You of the Army’s Manhattan Project . . . have raised the curtain 
on vistas of a new world/ ” 

“No one,” continued Morton, “questions that the development nl 
the ability to create electrical energy through atomic fission is a t.v 
mendous accomplishment, or that someday in the distant future we may 
be forced to depend on it after our other bountiful sources of elec 
tncal energy are exhausted or become too scarce and costly to utilize. 
Put we also know that atomic energy is not the panacea of all our en 
ergy problems it was once expected to be, and we are becoming more 
aware every day of the costs in terms of potential danger to humanity 
which this proliferating atomic energy program may entail." 

The second major weakness in the original Atomic Energy Act was 
the extraordinary independence it afforded the Commission. Part of 
the problem stemmed from the fact that the Commission was a com 
mission, because commissions in our Government are by nature free 
o much of the restraint that characterizes other governmental bodies. 
These regulatory bodies “drift along,” in the words of former AEC 
member Thomas E. Murray, “somewhere in a ‘twilight zone’ among 
the three branches of the Government-President, Congress, and the 
courts. Subject to all three branches in specific respects, the commis¬ 
sions nevertheless evade complete and continuing control by any one 
of them. That is why they have sometimes been called the ‘headless 
fourth branch’ of the Government.” 

Thus commissions of any sort, being neither fish nor fowl, can with 
any degree of power create for themselves a most advantageous niche 
from which to dictate without being dictated to. But what is one to say 
about a commission endowed with unprecedented powers and “drift¬ 
ing along somewhere in a ‘twilight zone’” among the three branches 
of the Government? Was this not a unique combination? Would the 
Commission, as time went by, be able to resist taking advantage of its 
dizzyingly special status? 

It was not simply that there were too many loose threads; it was that 
t te threads trailed from a mantle that few men in the history of gov¬ 
ernment had ever worn. 

On paper the AEC appeared anything but independent, for its ac¬ 
uities came under the jurisdiction of all three branches of government 
t he President of the United States had the power of hiring, with the 
advice and consent of the Senate, the five members of the Commis- 
sion and he could remove them before expiration of their terms for 
inefficiency, neglect of duty, or malfeasance in office.” The President 
also exercised general executive power over all independent AEC 
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‘■■■*■* »• ••!*.. li;icl considerable control over the budget, over classified 
< iMMiilon, over weapons quotas, and over settlement of disputes in- 

• imm iIn* AEC; and the President had to approve all agreements for 
m iiimiuI co-operation in atomic energy. Furthermore, the Act 
I hi establishment of a Joint Congressional Committee on Atomic 

1 5 • to review all proposed legislation pertinent to atomic energy, to 

> U fit iimgs and make recommendations to Congress. Finally, judicial 
i« w nl (lie Commission's actions was provided for by the Act. 

\ mini her of factors, however, balanced and eventually outweighed 
d»« ' l •nvernment controls. The first was the scientific complexity, in- 
! I (lie sheer opacity, of atomic energy as far as the layman was 
• I’lnnl. The nature of the work was far beyond the technical com- 
i *« !>» iiMon of men in other branches of the Government. Only scien- 
iperis understood it, or said they did, and everyone else from the 
I*#* *il«l<*nl whose scientific advisers were largely pro-atom—on down 

I •■! lake it on faith. Second was the top priority of maintaining a 
•m lead over the Russians in atomic research. National survival was at 

• dr, and our government had to give the atomic energy establishment 

widest latitude in the interests of national security. Third was the 

• l td proliferation of a bureaucracy, replete with Advisory Commit- 

• ■ • •• »»n This, Divisions of That, Offices of the Other Thing, panels, 
•" ' Mds, and what have you, making it harder and harder for Govern- 
"ii n l overseers to keep track of what the Commission was doing, and 

II a i efore harder and harder to maintain control. 

I lure then were all the ingredients for a virtually independent gov- 

• oiincut within the Government, a scientocracy invested with nearly 
•«miplete powers of policy-making and self-regulation. Furthermore, 
dm Atomic Energy Commission found itself the repository of a dual 
mid conflicting role: It had to promote an atomic energy program on 
die one hand, and regulate it on the other. The position was not un- 
Idvc that of the family that not only owns the sole grocery store in 
i“wn, but serves as mayor, sheriff, judge, and town council as well. 
I mi ling one's way becomes a simple matter of donning the right hat. 

Many years afterward the Commissions first chairman and later a 
harsh critic of atomic policy, David E. Lilienthal, was to score the AEC's 
I m ‘st of-both-possible-worlds position, and the danger it posed to the 
public: 

It is unfortunate that the AEC is not only the overall protagonist 
of a nationwide atomic-power program; it is also the body that must 
sit as judge of the safety to the public of the design, mode of con- 
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struction, and site of particular atomic power plants. In short, tli< 
AEC, as a general promoter of atomic power, must also decide tin 
quasi-judicial issue of whether a license is issued. With a world <>l 
goodwill and integrity and technical competence on the part of the 

AEC, how well is the public protected by this dual and conflicting 
role? 

The mischief inherent in the situation did not become apparent until 
the early 1950s. Certainly, the original members of the Commission 
conducted themselves with the highest probity-and it should be em¬ 
phasized here that the integrity of the AEC is nowhere in this book 
called into question: only, to use David Lilienthal’s distinction, its 
infallibility. The Commission of the late 1940s sincerely believed that 
m promoting this new discovery for man’s good, it would be rendering 
an invaluable service to the country. Furthermore, during that period 
the Commission did not, any more than anyone else, fully appreciate 
the complications and dangers residing in a commercial reactor pro¬ 
gram, nor did it completely recognize the extent of the responsibility 
that had been placed on its members’ all-too-human shoulders. Un¬ 
doubtedly it was conscious of the duality of that responsibility, how¬ 
ever, and the conflict between promotional and regulatory must have 
caused many sleepless nights for die conscientious personnel of the 
AEC. 

During this period, roughly to 1953, the foundations of power reactor 
technology were laid. Basic research into properties of various fuels, 
coolants, and moderators was undertaken, designs and materials were 
tested, experimental reactors were built. While electricity generation 
was an important goal, most of the allocations, labor, and practical 
knowledge went into development of reactors for propelling subma¬ 
rines and aircraft. As long as military priorities prevailed, the AEC 
could not make its debut in the market place. 

But military priorities could not prevail forever. The airplane reactor 
technology flopped, and naval reactor technology did not promise to 
absorb anywhere near our total nuclear effort. Neither did nuclear 
armament. Even though the Russians had the atomic bomb, and though 
nuclear fusion, the principle on which the hydrogen bomb is based, 
had given the Cold War a new boost, the arms race did not strain 
the capacity of the atomic energy program. And of course, the public 
was growing eager to see the atom put to uses other than belligerent 
ones, to see it fulfill the promise envisioned in the days right after the 
war. Russia was building a nuclear power plant that would be ready 
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tn i ..a \vi got our own power program going; that was incentive 
11 null 1 ighl there. 

1 .I lug back in the early 1950s, our Government must have re- 
. .1 it had an enormous investment to protect, not the least part of 
hi> Ii was prestige in the world community. Looking ahead, it could 
1 . hm it*, titanic atomic industrial effort bogging down unless it broad- 
.1 Its base and went commercial. The Atomic Energy Commission 
»l H Imc, cautiously at first, began to remove the hat of self-restraint 
«•« 11111sr that of promoter to its head. 

I h<nigh nuclear information was still highly classified, some non- 
, 1 1.11 iiy data was cleared and a number of qualified industrial teams 
n Invited in 1952-53 to study it with a view to evaluating the eco- 
M .Mill outlook. A number of them came away smiling. For one thing, 
ih. AEC! itself was buoyant about prospects, the threat of major tech- 

I .1 u al headaches being at that time a cloud no bigger than a man’s 
1.4ml. For another, the visiting teams may have glimpsed stimulating 
.mlives. It is generally acknowledged that the Government gave as- 

h huts to the effect that the plutonium produced as a by-product of 
dii fission process would be bought back by the Government for good 
Julies plutonium being essential to atomic weapons, of course. Saul 
I ilrdman, a Detroit Free Press staff writer, suggested, in an article 
,it.«.lit the group that pursued the breeder reactor franchise, that the 
,\| ( : had encouraged them to believe the Government would pay them 
ninety dollars a gram for their plutonium—almost three times as much 
» the Government was then paying for high-grade, weapons-type plu¬ 
tonium. 

II is also possible that the industrialists who peeked into the AEC’s 
nipped palms saw something rather distressing, in the form of a hint 
lb,it if private capital didn’t develop a nuclear power industry, Uncle 
Sum would extend his atomic monopoly to include the generation of 
electric power—in direct competition with the utilities. The smiles on 
lheir faces must have frozen when they saw that. 

In any event, the consensus of the industry observer teams was that 
nuclear plants could produce electricity at a cost roughly competitive 
with conventionally fueled plants. 

I Icartened by industry’s optimistic if totally predictable response, the 
AFC now set the hat marked “promotion” at a more rakish angle, pre¬ 
paring a breath-taldngly ambitious blueprint for the advent of commer- 
< ial nuclear power. Some officials were talking about half of America’s 
e lectricity being generated by the atom by the end of the century. 

Of course, the Atomic Energy Act of 1946 prohibited private initia- 
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tive in the nuclear power field, and it was therefore necessary to effect 
a change in the law. Since that change had the official approval of the 
President, the support of the Joint Congressional Committee on Atomic 
Energy, and the apparent approval of die electorate, the conclusion was 
forgone. Congressional opponents, armed only with their nameless 
dread, were pushed aside easily. In 1954 the Atomic Energy Act was 
rewritten to permit private organizations to build and own atomic en 
ergy facilities and operate them under AEC license and regulation. 

The rationale for this effort was termed “Atoms for Peace,” a truly in¬ 
spiring motto, and it had been enunciated by President Eisenhower 
before the United Nations on December 8, 1953: . . the United 

States pledges before you—and, therefore, before the world—its deter¬ 
mination to help solve the fearful atomic dilemma—to devote its entire 
heart and mind to find the way by which the miraculous inventiveness 
of man shall not be dedicated to his death, but consecrated to his life.” 

These words were not insincere. They were, however, dangerously 
simple. But their austere beauty appealed to a jingle-conscious age; 
and the nobility of the concept, contrasted against the terrors of the 
arms race then in full swing, was a blessed relief. The mellifluous 
phrase “Atoms for Peace” set a classic pattern for the glib promotional 
slogans for atomic energy that were soon to follow, in which the atom 
became a good friend and neighbor, a plowshare beaten from swords. 
And into these hollow catch phrases crept the notion that radioactivity 
consecrated to the benefit of mankind was somehow less poisonous 
than that dedicated to man's destruction. Battening on mankinds 
profoundest yearnings, the notion quickly swelled into a widely held 
assumption, and was eventually adorned by promoters with the trap¬ 
pings of gospel. 

Not everyone was carried away by these tantalizing vistas. Repre¬ 
sentative John P. Saylor of Pennsylvania, speaking before Congress 
some time later, was to recall the deep misgivings he and many other 
colleagues felt about the Great Leap Forward into commercial nuclear 
power: 

It was not too many years ago, Mr. Speaker, that the general pub¬ 
lic was excited at the prospect of the development of an atomic 
reactor which purportedly would bring vast cost savings to con¬ 
sumers of electric power. It is true that a number of Members of 
Congress had serious doubts about the practicability of using millions 
upon millions of dollars of U. S. Treasury funds merely to utilize a 
new source of energy for power generation. I recall that many of us 
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. .| i,n the floor of this House time and again as far back as 1956 

.motion the wisdom of such tremendous expenditures, particu- 
|.„lv when the U. S. Geological Survey has established without 
■ HMtliIllation the existence of sufficient coal reserves to satisfy the 
1MlWn requirements of the entire nation for at least a century to 

.. Congress also was reminded of warnings by distinguished sci- 

n ,tMs who believed that the safety issues entwined in the fission 
... should be resolved before the wholesale construction of nu- 

1 Inn facilities. . 

But caution and economy could not prevail in a climate ot op¬ 
timism and enthusiasm generated by wanton promises of miracle 
„,ul magic through applications of a glamorous rare element whose 
material value had previously been confined exclusively to its de- 
MMCtibility factor. 

Such profound reservations, however, carried no weight against an 
, urmcly determined Government policy reinforced by the clamor ot a 
utility lobby eager to get in on the ground floor of what might turn 

. fie one of the most prodigally subsidized undertakings in Amer- 

1, peacetime history. The Atomic Energy Commission of course, was 
m he the instrument of that policy, and it was around this time that 
the complexion of the Commission began to change visibly, lhe Um- 
mKsion started emerging from its relatively passive role to become a 
must aggressive instrument indeed. It started picking up t e oose 
threads that the Atomic Energy Act of 1946, and to an even greater 
extent that of 1954, had left hanging, and began to feel at ease in 

the mantle from which they were suspended. 

Unfortunately, at the very same time-from 1954 onward-senous 
problems began cropping up in reactor technology, and bomb tests dis- 
. I used somatic, genetic, and environmental dangers far worse than any¬ 
one had anticipated. So now the AEC had a double problem; it not 
only had to promote atomic power against ordinary resistance to any¬ 
thing nevv-it also had to promote it against concrete evidence that 1 
might not be safe, might not be clean, might not be reliable, mig 
not be economical. The Commission probably could not see it clearly, 
lor it all happened gradually and subtly, but the only way out of the 
hind-aside from admitting that we had all made a gigantic mistake 
was to begin erecting an elaborate structure of psycho logical defenses. 

Although a large number of companies came into the AECs camp 

directly after passage of the Act of 1954, it would be wr ° n & t0 assume 
ihat private industry, unifonnly, was deliriously happy about the new 
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status of atomic energy. Naturally, component manufacturers, ulilih 
operators, and other industrialists and businessmen followed tin < 
developments with keen interest, but when it came to a deeper com mil 
ment many dragged their heels. It was not that they doubted that An h i 
ican know-how could lick the technical problems in due time. Bui 
from an investor’s point of view, nuclear technology was still very much 
in the gestation state, and the economic challenge was far less sin 
mountable than was being generally and generously proclaimed. The 
hazards were still a giant question mark, and questions of liability had 
scarcely been thrashed out. Why not wait and see how these ques 
tions were resolved, and how the experimental and demonstration proj 
ects worked out before casting one’s lot with Atoms for Peace? 

For six months following the Act of 1954, therefore, the AEC found 
itself in the position of a puzzled hostess on the night of her party who, 
hours having passed without a guest showing up, suddenly wonders 
if she put the correct message on the invitations. It is true that plan¬ 
ning nuclear power projects takes time, especially when much data is 
classified, as was the case in 1954. Nevertheless, industry seemed to be 
shuffling its feet, waiting to see how the Government’s own pioneer 
reactor, the 60,000-kilowatt plant going up at Shippingport, Pennsyl¬ 
vania, would do. Not a single application for a construction license 
came in. . . There is little question but that industry’s initial re¬ 
sponse was disappointing to a Joint Committee and an AEC bent on 
accelerating the national nuclear power effort,” says John F. Hoger- 
ton in a Scientific American review of the growth of atomic power. 

By winter the AEC realized there was need to prime the pump, and 
accordingly, in January 1955, the Commission announced a “Power 
Demonstration” program designed to stimulate plant construction. Lib¬ 
eral aid was offered to any utility prepared to put up a plant, in the 
form of research and development assistance and waiver of fuel in¬ 
ventory charges for the first five years of plant operation. At last, that 
March, the first application came in, and by year’s end there were two 
more takers. In addition, two other projects, privately financed rather 
than plugged into the Power Demonstration program, were launched. 

Despite this forward motion, industry as a whole continued to 
hesitate, and it steadily grew apparent that the real reason why many 
businessmen had supported the Act of 1954 was to ward off a Federal 
Government threat to go into the electricity business if private industry 
declined to take the nuclear initiative. James W. Kuhn, in a recently 
published book, Scientific and Managerial Manpower in Nuclear In¬ 
dustry confirms this view: 
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I he threat of public power, several utility companies did 
| lMl |, with plans for large-scale nuclear power plants. Office 

., ..panics expected no profit from the plants. The incentive 

t tip ly negative-to keep civilian nuclear power private. As 
i .... .itlent of one of the companies remarked, We ace 

. . .ceded to guarantee the position of private indushy. The 

v prni was a gamble to preserve the private sector. The presi 
,,| another of the companies explained why h.s management 
,,| ,„to nuclear power: “We made a proposal on what became 

. . and we breathed a good deal easier when we didnt 

, ...tract. We weren’t anxious to get into nuclear power an 

, , , dunk any other company in its right mind wanted to get into 

„ -idirr. But you see, we had to bid-we: had to act-whether we 

.I m or not. We had been pushing the private development of 

.power and we couldn’t refuse to get into it after pushing 


, |„ lobby had managed to get a clause written into the i 9 54 Act 
.. forbidding the Government to engage m the sale or dis- 

b n *«—« ». n »» 

,| and the lobby had it in writing, private industry could take . 

„„ d „, v <*-. w. % ***. 

.. Uncle Sam to sell electricity "incident to the opemwno ^ 

, I, and development facilities of the Commission. . . . 

I,, prevent the Government from building scores of ‘research and de- 

V, lopmcnt” facilities and selling the “incident” electricity commission 
.„ry? This was one of the AEC’s bigger whips, and the Comm.ssio 

' 11,'ti 'as all mule skinners know, a carrot ahead is worth a ^whipbe- 
Inn.l When the power industry in 1955 continued hedging, g 3 
“Liti^o keep the Government happy and 

forming large joint-venture investor groups, the AEC announc 

,|„. "second round” of its Power Demonstration pro^am-more s 

Mtlus. Three more reactors went up as a result, but si 

in 1956 the Argonne National Laboratory’s experimental boil- 
Hr reactor, designed specifically for electricity 
into operation, and the next year Shippingport was ■ ‘ 1 £ 

nodded appreciatively, but its attention was really fixed 00 
bcinc erected by the utilities, not those by the Government. T1 

;sr 8 1 «»«*.»««*-> ” d * iooled - 
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if they might prove more expensive to run as well; and the fos .il I. 
industry was preparing a counterattack that would make ii m 
tougher for the Government to produce nuclear-generated eke in 
at competitive prices. 

Furthermore, anxiety about safety was really beginning to pcro>l 
There had been talk at the 1955 Geneva conferences on atomic cm 
about the probabilities and consequences of a major accident, and 
number of actual accidents in Government reactors had made a lot 
people stop and ponder. The issue reached a boil with publication 
the Brookhaven Report early in 1957, with its estimates of as mam 
3400 fatalities, 43,000 injuries, and $7 billion in property damage. 

Would the public stand for the idea of nuclear powerhouses virtual I 
in its back yard? Would the costs of building safe reactors make m 
clear power financially unfeasible? Wouldn't the cost of insurant 
alone price reactors out of the market? If not, who was going to 
liable for damage claims? 

Apparently, until the investor’s mind was set at ease on the In 
question of safety and liability, investment capital was never going 1 
flow freely. Accordingly, our Government held out the biggest car mi 
yet. 

Perhaps “plum” describes it better, for through passage of the Price 
Anderson Act, it was guaranteed that private industry would not h« 
held liable for more than a token of damage costs in case a major nu 
clear plant accident happened. This Act, passed in 1957, set a limit ol 
$560 million worth of indemnity on any radiological accident—but only 
$60 million of that amount would be put up by private operators. There 
ivas no fiscal responsibility beyond $560 million , even though damages 
could run as high as $7 billion! Total coverage amounted to only 
per cent of potential claims—and private industry’s liability came to 
less than 1 per cent. 

While this was going on, the AEC was applying the whip with a 
will. In the words of James W. Kuhn, “The chairman of the AEC, 
Lewis L. Strauss, made explicit the choices before industry in 1957. 
It is the Commission’s policy,’ he said, ‘to give industry the first oppor¬ 
tunity to undertake the construction of power reactors. However, if in¬ 
dustry does not, within a reasonable period of time, undertake to build 
types of reactors which are considered promising, the Commission 
will take steps to build the reactors on its own initiative.’ ” 

Meanwhile, in the Fermi action the AEC had overruled the plea of 
its Advisory Committee on Reactor Safeguards for caution, initiating 
a policy of approving reactor applications before safeguard plans and 
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, , ported such an action. Its handling of the Fermi hear- 

... , dangerous tendency to manipulate procedures m order 

.opposition. The Atomic Energy Commission was flexing 

1. miiu lcs that Congress had molded in 1946 and 1954-at 
„„ involved in atomic energy: the public, Congress, the judici- 
.!, I'resident, private industry, and the Commission’s own ad- 

11 . I, mil case was not to be resolved for some years, though when 

, . ,11 v did come to a decision the AEC would prevail. 

1 the foregoing, however, all the plans and programs, ultima¬ 

te .o,d incentives could not bring into the world a technology whose 
, .Old vital organs were still largely unformed^ With one exce P£®’ 

„ , 1,0,1. built during the first and second rounds of the Power Dem 
,, nlmi program had weighed in at higher cost than anticipated, an 
,,,.i nearly double the estimate. The generating costs achieved 
d,. , plants at the outset were 50 per cent higher than predicted. 

.,,initially fueled power was effecting savings in a variety of ways, 

. 1 die price of coal was dropping. The insurance issue was by no 
o„, „ solved, for utilities knew that even if they were onlymomma y 
,1,1. on paper, a major accident would nevertheless be ruinous. The 
,. „ol case, on which so much was riding, began making its way up 

it., 1 bain of courts. . , t„_ Yeor 

|„ the late 1950s, therefore, the Commission initiated a ien lear 

1 oigrnm, establishing short- and long-term goals in atomic energy an 
industry stayed away: Only four more plants went up as a resuk 
,|.c “third round” of the Power demonstration program. I he APL, 
,„„v have been demonstrating power, but it was not demonstrating 
„,l K ht. A crisis began to loom, and after President Kennedy took office 
b, icquested a thorough assessment of the past, present, an u u 

If e ^rn th r^n C ded with its 1962 Report to the President 
.... Civilian Nuclear Power, a major policy statement. Because thescP 
were down, this document had to be careful y worded-and it was. 

I |„w, for instance, was the Commission to explain its failures? In one 
key passage, that question is answered: 

Nuclear electric power has been shown to be technically feasible, 
indeed, readily achieved. Power reactors can be reliably and safe y 
operated. However, contrary to earlier optimism, the economi 
quirements have led to many problems-combmmg low capital cost 
with long life and assured reliability; lowering costs by improved el 
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ficiency; developing long-liver! a .j .. r 
tempts to optimize the economic l’ T^’ econ °mic fuel , 
technical experience, together with * e ° Uter 

m a new and rapidly advancing teclnowf' 6 " f? 3 * eXpc, i< " 
pomtments and frustrations Fvn , have ]ed to many .1, 

" PW Many «« al„ay s 

and financial overruns Such ^ ^P^denced <1 .1 

don of the earlier opdmri, if “i" “ W ““iderable ,li. 

power, which in turn contributed 8 ^ eai , y ut,J, zation of nut I. 

merit and component manufacturers fronf the ^ 

^“riLf^frco 11 ^ memin8 ° f *■ 

both technically feasible and economical “ff. St3ge be 

actors under present technology we ,, , Ve wantec ^ safe, reliable n 
tbe ™ at a loss; if we wantefeconomV fl " t0 3nd °P™"- 

bm ** for - 

Treasury 

PnWic programs or in priv£ ° f 3 ™^f-the-wisp i„ 

aroused taxpayers or stockholders ” David LT*** r° ral coura 8 e and 
owing year. And again: “The initial fA‘f ^ WaS t0 say the f()l 
both for the unique status given the PeacJ 1 ^ ^ i ustificati on 

scale of public expenditure has long sine U 3nd t,le 8 ar 8 a ntuan 
myth of a revolution continues to be fedCth ‘a Tbat 

sas 

stantly belittling h^rdfand pmSeS wMe ^ “ denia1 ’” ° f C ° n ‘ 
= se, apparently had become second 

And tto was the most treacherous fact of all. 

more d^faTST^S^* P,Unge even 
Kennedy that stated . . for saf<a , y S3me Re P°« to President 

placing large reactors fairly f ar away' prudence now dictates 
Commission announced itsdecisionJ P ° pu]ation centers," the 
huge commercial reactors far biaop ft, encou rage the launching of 

Ctois, tar bigger than anything tried thus far: 
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.. construction of full-scale power installations by util- 

uppml of research and development and the temporary 
i I ml (barges have recently been augmented by the olfer 

1 ' 1 1 ''it.'in of design costs for fuel installations of 400 mega- 

■ kilowatts] or more. Both public and investor-owned 
"<• eligible. It is hoped that these forms of assistance will 
bring about a marked increase in the number of full-scale 
’mIUkmmb, 

..My 'he AEC was hoping that by the time the big installa- 

I " J ' "|> technology would have caught up and discovered a way 

A ' Ili«iii work. This topsy-turvy philosophy was sanctioned now 

1 ■ m court in the land, for in June 1961 the Supreme Court 

l'< • 1 •In'llI the developers of the Fermi project. 

1 l,M without ever having proved that power reactor technology was 

• .illy reliable, commercially viable, or safe, the AEC was encour- 

11Hhr.try to build reactors of untested size and immeasurable dan- 
o airs close to major population centers. 

I hi this encouragement apparently did the trick. The power brokers' 

' m i began crumbling, slowly at first, but as the mid-sixties dawned, 
neuter and greater speed. Private industry began tooling up in a 
1 ' " >y. Connecticut Yankee Atomic Power Co. put in for a $13,195,- 
uhsidy for a 490,000-kilowatt reactor at Haddam Neck on the Con- 
■ Hi ut River; Southern California Edison and San Diego Gas & 

I In trie asked for $13,022,000 to build a 395,000-kilowatt reactor near 
<m Diego; the City of Los Angeles requested $16,200,000 for help in 
l ulling up a 490,000-kilowatt reactor in the Rancho-Malibu area; 

’ Jiiignra-Mohawk Power filed for a reactor on Lake Ontario, graciously 

• In lining a subsidy—all it wanted was free nuclear fuel for its first 
live years of operation. Jersey Central proposed a 500,000-kilowatt re- 
»i< tor near Toms River, New Jersey: the Oyster Creek Plant. With 
financial assistance under the AEC’s Power Demonstration program, 
announced Jersey Central, its plant could be made competitive with a 
Iossil-fueled plant. (“By the same token,” said Representative John Say¬ 
lor in an excoriating speech in the House, “Jersey Central may have 
pointed out that old newspapers or imported Swedish timber would be 
competitive with coal if Government subsidies were sufficient to ab¬ 
sorb the cost differences.”) 

Another passage from Saylor’s speech sums things up splendidly: 
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In other words, Mr. Speaker, although at least 1.3 billion doll 
has been poured into the civilian reactor program by the AEC in lb 
past nine years, the imbalance of costs between electricity genera id 
by the atom and that generated by conventional fuels is still of sir I 
magnitude that even the current multi-million-dollar bestowals b 
the Federal Government to the investor-owned utilities may have i< 
be increased in order to get the program moving at the rate desirol 
by the AEC. Meanwhile, irrespective of the expensive research cm 
ried out since 1954, the degree of danger hovering over a nuclcm 
powerplant remains a mystery. 

By 1966, industry's resistance to nuclear power had effectively col 
lapsed. The AEC’s Annual Report to Congress for that year de 
dared that “The year 1966 saw atomic energy become a major factor in 
the planning for meeting the Nations future electric power needs as 
55 percent of the new steam-electric generating capacity announced 
by U.S. utilities was for nuclear plants.” Applications for sixteen re 
actors were filed that year. In 1967, the AEC's Annual Report blared 
that “utility planning announcements doubled the previous pace-setting 
growth of 1966,” with twenty-nine permit applications in hand. 

But the upshot of this story is a monumental irony. 

For by 1967 the Atomic Energy Commission, deluged by applica¬ 
tions, pressured maddeningly by utilities to clear licenses, besieged by 
industry for guidance in standards and criteria, critically hampered by 
manpower shortages, and inundated by innumerable problems never 
anticipated when it put its promotion into high gear—the Atomic En¬ 
ergy Commission began to grow conscious that the harvest it had so 
assiduously cultivated was threatening to overwhelm it. 


CHAPTER HI 


Thresholds of Agony 


It, , 1 ,use much of what follows in this hook deals with the perils of 

! 1 Jllity, i. is tapomn. » of ‘“ZblvTa 

,| M . way radioactivity kills and injures. Most readers are probably fa 
miliar with many of these facts, but are accustomed to thinking about 
( |,,,n only in relation to nuclear war. It is imperative however that 
v,, | )C fully aware that mismanagement of the peaceful uses o a orm 
. uergy will subject humans to many of the same gruesome afflictions 

.. agonizing deaths as those suffered by survivors of Hiroshima s 

Iticball. It will also create profound environmental disorders, as will e 

demonstrated later in these pages. w , . Jf u and 

One of the best works on the subject is Radiation: What It Is and 

I low It Affects You by Professors Jack Schubert and Ralph t. Lapp. 

in .957. is s,ill consideved nu.homa,™ 
i B fundamental aspects, and sheds much light on the hamtds , • 
herent in radioactive processes. With the help of Professors Schubert 

imd Lapp, a brief review can be attempted. 

Radiation damage may be inflicted in a number of ways^in large 
doses or small, all at once or by stages, externally or internally. Irradi 
mion may be of the whole body, of specific organs or tissues, or of y 

A number of basics should be understood at the outset. 

First, there is and always has been an externa and internal back¬ 
ground” of natural radiation. Until the Atomic Age, that background 
was constant. One source is the earth’s crust. Although some areas, 
such as those where granite predominates, may exhibit more radioac¬ 
tivity than others, such as limestone formations, the earths surface is 
estimated to contain an average of about three tons of ur "’ S1 * 
tons of thorium, and one gram of radium per square mile to a depth 
of one foot. Also, every person bears a small but detectable amount 
radium and other radioactive emitters inside his body, owing to in¬ 
finitesimal amounts of those substances absorbed and retained by eat- 
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mg, drinking, and breathing. Cosmic rays also contribute a share of 
radiation Experts calculate that the sum of internal and external nai 
Z ^ground radiation is about five roentgens over the first thirty 
yeais of one s life That 5 r is the base on which all discussion of 
radiation m this book will be built. 

Second, it must be understood that any kind of radiation-alpha 
rays, beta rays, gamma rays, neutrons, cosmic rays, X rays, ete.-pro 
duces some effects on cells and organs. The essential difference be 
ween one ray and another, from the viewpoint of biological effects, is 
one of dosage. Some kinds of rays must be more intense than others 
to do the same amount of harm. The important point to bear in mind 
t rat some types of radiation produced in reactor fission processes arc 
extiemely vicious even in minutest quantities. 

Third, radioactivity is undetectable by human senses, and ineradica 
ble except through natural decay, which for some elements takes hun- 
dieds and even thousands of years. 

Fourth, the design of all atomic power plants projected for the next 
cade in the United States is such that they must unavoidably produce 

products ” ntItlCS ° f lad,atIOn 3nd racIioactiv e waste known as "fission 

Fifth, experts state that these fission products are a million to a bil¬ 
lion times more toxic than any industrial pollutant known heretofore. 

FtnaUy, scientists have produced convincing evidence pointing to the 
conclusion that no cell ever fully recovers from a dose of radiation It 
may appear to recover, these authorities point out, but a certain de¬ 
gree of damage is irreversible and may show up a considerable time 
after exposure. 

Consider first the consequences of an intense single dose of radia- 

tion suffered by the whole body, since in its simple graphic horror it is 
easiest to comprehend. 

In the event of a major reactor accident in which radioactive gas 
»d fission products were dispersed into the atmosphere, a large num- 

What Pe °, P ! e , W ° d be . ex P° sed direc % to massive doses of radiation. 
What would happen to them? 

While the amount of radiation necessary to produce various effects 
might vary according to a variety of conditions, the following thresholds 
expressed in roentgens can be taken as fairly universal: 

T. igT ** ™ P .n- 

m - -, p o, 
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A dose of 600 r or more would probably kill nearly everyone ex- 
]K)sed within a month. 

A dose of 400-450 r would be deadly in half the cases. 

A dose of 300 r would kill one quarter of those exposed, and induce 
serious injury in 90 per cent of the remaining number. 

A dose of 200 r would kill about 2 per cent, and induce serious ill¬ 
ness in half of the remaining cases. 

I Torn 200 r down to zero the effects diminish proportionately, and 
l»r 1 ween o and 25 r no observable effects are produced directly. But 
tlii * statement must not be misinterpreted to mean that such low doses 
nc harmless. 

What happens when a dose of 600 r, the amount guaranteed to be 
l.itfll in almost 100 per cent of all cases, is received all at once by the 
whole body, is vividly described by the British Medical Research 
( niincil: 


The first effect ... is a sensation of nausea developing suddenly 
and soon followed by vomiting and sometimes by diarrhea. In some 
people, these symptoms develop within half an hour of exposure; in 
others, they may not appear for several hours. Usually, they disap¬ 
pear after two or three days. In a small proportion of cases, how¬ 
ever, the symptoms persist; vomiting and diarrhea increase in in¬ 
tensity; exhaustion, fever, and perhaps delirium follow; and death 
may occur a week or so after exposure. 

Those who recover from the phase of sickness and diarrhea may 
feel fairly well, although examination of the blood will reveal a fall 
in the number of white cells. Between the second and fourth weeks, 
however, a new series of ailments, preceded by gradually increasing 
malaise, will appear in some of those exposed. The first sign of these 
developments is likely to be partial or complete loss of hair. Then, 
from about the third week onwards, small hemorrhages will be no¬ 
ticed in the skin and in the mucous membranes of the mouth, which 
will be associated with a tendency to bruise easily and to bleed from 
the gums. At the same time, ulcerations will develop in the mouth 
and throat, and similar ulceration occurring in the bowels will cause 
a renewal of the diarrhea. Soon the patient will be gravely ill, with 
complete loss of appetite, loss of weight, and sustained high fever. 
I’’ceding by mouth will become impossible, and healing wounds 
will break down and become infected. 

At this stage the number of red cells in the blood is below normal, 
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and this anemia will increase progressively until the fourth or Efili 
week after exposure. The fall in the number of white blood cells, 
noted during the first two days after exposure, will have progressed 
during the intervening symptomless period, and will by now be 
reaching its full extent. The changes in the blood count seriously 
impair the ability to combat infection, and evidence from Nagasaki 
and Hiroshima shows that infections of all kinds were rife among 
the victims of the bomb. Many of those affected die at this stage and, 
in those who survive, recovery may be slow and convalescence pro¬ 
longed; even when recovery appears to be established, death may oc¬ 
cur suddenly from an infection which in a healthy person would 
have only trivial results. 

The above pattern, known as “marrow death,” is the result of the 
failure of the cells in the bone marrow to produce blood. It appears that 
if a few healthy marrow cells survive, or if the victim receives injec¬ 
tions of marrow from healthy donors, this form of death can be averted. 
But the victim is actually only buying time, for the chances are high 
that cancer, leukemia, acute anemia, or some other ailment will strike 
in due course. 

What about higher doses than the minimum lethal dose of 600 r? If 
the victim receives a dose of 1000 r or more, it would appear that noth¬ 
ing can help him, and he is doomed to live no longer than a week. 
The symptoms leading to his demise are characterized as “intestinal 
death.” 

At considerably higher doses, say 3000 r and up, the nerve tissue 
functions break down and a “central nervous system death” follows 
quite rapidly. There is a case on record of an AEC employee who suc¬ 
cumbed to the latter a day and a half after taking a whole-body dose 
estimated at 12,000 r. Plutonium was being recovered from the Los 
Alamos reactor, and through an error three batches in different stages 
of purification were put in a large tank together. When an electric 
stirrer was activated, the plutonium reached critical dimensions and ex¬ 
ploded. 

The workman operating the stirring device was thrown from a low 
ladder, got to his feet, and ran outside crying that he was burning up. 
His skin was indeed glowing cherry red. Within minutes he began 
vomiting and discharging a profuse, watery diarrhea. By the time he 
got to the hospital he was in shock. Thirty-six hours after the accident 
he was, mercifully, dead. Autopsy revealed symptoms of all three kinds 
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.liation death—marrow, intestinal, and central nervous 

bod," doses. In the 

$", S ”'he «ff«“s of W doses'on <h«e organs and tissues?* 

I,'male Sex Organs: 

"t unes ot 125 5 ? ose of r can produce temporary sterility 

* ^ .nd . dose of 5 oo . wall mean permanent s.enhty 

' ' 11'shouldbehotne in mind that the ^ 

m u she will ever pioduce. Exposure gs ] eadin g either to de- 
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rives in future generations. 

Male Sex Organs: 

Very small doses of radiation, 50 r or kSS ’year ot more, 
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cell production, removal of dead cells, blood storage, and other fun, 

tions can also be hurt. Among these organs are the lymph nodes, spleen 
and bone marrow. 3 r * 

Skin: 

Thousands of cases of skin cancer have been produced by overdoses 
of radiation, usually high doses in the thousands of roentgens. Smaller 
doses may not produce immediate damage, but latent periods of twenty 

C Z7777 PaSS before ulcerati ° nS ° r ™lignancies appear. In 
1955 two British doctors reported a case of skin cancer in a seventy 

year-old woman She had received about 1500 r from a fluoroscopy 
trained on her abdomen to detect kidney stones. A burn had appeared 
shortly after the exposure, then healed. In i 947 , however, a skin can¬ 
cer, which ultimately proved fatal, developed in precisely that spot 

iwl 011 ^^ * tak f n? ****** ^ The original "fluoroscopy 
irradiation had occurred in 1898! 1 

Radiation of the skin at 300-400 r and up can also cause temporary 

an JnT*7! 7 ° f hair ’ f 37 ’ 118 of hair > destruction of sweat glands, 
and loss of the skin s natural suppleness and glossy texture. 

Eyes: 

Cataracts characterized by opacity of the lens, have been produced 
thousands of times as a result of deliberate irradiation of patients for 
cancer and other conditions. The latent period, observed in studies 

NeJ Yo f r ‘ G ' R ‘ Me , rriam ’ Jn ’ of the Ins htute of Ophthalmology of 
New York, averaged almost four years, but one case took as long as 
thirteen years to appear. h 

Bones and Teeth: 

Bone cancer has often appeared years after exposure to heavy doses 

to ralT’f I50 ° 1 and m ° re - The b ° neS 316 P articularl7 -Teptible 
result o 7 Ce f m , iS0t0peS ’ Such as stront ‘um 9 o, absorbed as a 
tainted lnf radl0acti vely contaminated food, such as fallout- 

Radiation of children’s bones has caused retardation of growth- 

enina 7 \ ™ ^ ^ haVe reSulted in ^mb short- 

g. Local irradiation of the jaws has slowed tooth growth and 

arge doses may be followed by infection about the teeth, loss of teeth 
and destruction of the jawbone. 9 
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ibnlfn 

Ill'Ll lively small doses of radiation to localized regions of the brain 
i . produced a variety of symptoms, depending on what functions 
« icgions control. In one experiment, a couple of volunteers who 
!»- I hern given ioo r in the diencephalon, or middle brain, experienced 
number of symptoms ranging from ringing in the ears to apathy to 
hi •emotivity. Single doses on the order of 500 r and more have pro- 
■ l»i. ed brain damage in children. X-radiation for scalp conditions has 
1 • lured such effects as blindness, paraplegia, epilepsy, delirium, 
• '■in lies, and ulcerations. 

I ung: 

I Ienvy doses of radiation, such as those received for treatment of 
hii ,i\i cancer (2000-3000 r) have produced swelling and scarring of 
lung tissue, and possibly tumors. Breathing of radioactive material, 
mu 11 as radon (the gas found in uranium mines), has produced 
numerous lung cancers, with a latent period as long as seventeen 
Vfitrtt. 


I hus far we have been discussing acute effects of large doses of 
t dilution taken on the whole body or on specific organs and tissues, 
ih. kind of doses likely to be received by people in the immediate and 
intermediate vicinity of a serious reactor accident. Suppose it could be 
\*uirhsafed that no such calamity would ever happen: Would you then 
hr able to rest easily? 

I ’he answer is most emphatically No. As we shall see, the merely 
mmmonplace activities of the nuclear industry, the mining, milling, 
(iiid processing of fuel, the day-to-day operations of nuclear electric 
(•I,mis, the reprocessing of fuel, and the transportation, storage, and 
«Itsposal of waste fission products, are already contaminating our air 
it ml water with radioactivity. If the atomic power program is per- 
11 tilled to proliferate in the coming decade, the presence of these poi- 
n. ms in our environment will reach alarming proportions. 

lust how much does our level of “background radiation” have to be 
uised to be considered alarming? The accretion of evidence garnered 
in 1 he last twenty years or so by a large number of responsible scien- 
h’.ls demonstrates that there is no radiation threshold below which 
ty uctic damage , cancer , or shortening of life is impossible. Any dose, 
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however small, wall take some toll of vital cell material, anc! m.n 
initiate far-reaching, harmful processes. 

Cancer: 

While there is no argument that radiation causes many forms of 
cancer including leukemia (“blood cancer”), there has been debai, 
over the threshold dose. Research findings have been clouded because 
scientists still haven’t recognized precisely what it is that makes a cell 
cancerous, nor have they been able to sort out the many factors besides 

radiation that might, over a period of years, cause or nourish the 
disease. 

In spite of this confusion, two indisputable certainties have now 
emerged. The first is that cancer can begin when a single cell is altered 
in such a way that its normal self-reproductive powers are affected 
buch a cell begins multiplying rapidly, undeterred by influences which 
customarily inhibit cell growth. The second certainty is that the 
nucleus of a cell, in which are contained the cell’s reproductive mech¬ 
anisms, can be damaged by a single particle of radiation. Although 
Hermann J. Muller, as long ago as 1927, demonstrated the effects of 
radiation on reproductive processes-for which he won a Nobel Prize 
-it has more recently been shown by Robert C. Von Borstel of Oak 
Ridge National Laboratory that just one alpha particle irradiating the 
nucleus of an insect egg will kill that egg. 

The only question remaining is how long it takes before a malig¬ 
nancy manifests itself. The answer is, it may take generations of the 
given cell type. The “turnover” in some skin cells, for instance, is about 
four months, but it may take years or even decades before the “descend¬ 
ants of a radiation-damaged sldn cell form cancerous ulcerations. 

The direct relations between cancer and infinitesimal amounts of 
radiation has been particularly well illustrated in leukemia. Studies of 
Japanese cases show a straight-line relation between dosage and 
leukemia-induction dowm to nearly zero. Even as early as 1948, Dr. N. 
P. Knowlton at Los Alamos had shown that no more than .2 r—one 
fifth of one roentgen-per week of gamma radiation was sufficient to 
depress white cell numbers, and even smaller radiation doses produced 
detectable abnormalities in the lymphocytes as demonstrated by Dr. 
M. Ingraham II in 1952. Though such abnormalities did not produce 
immediate ill effects, it was thought that they could well be the fore¬ 
runners of anemia, leukemia, and other serious or fatal blood diseases. 
Analyses of leukemia incidence in bomb victims, radiologists, and per- 
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• r irradiated as treatment for various ailments, made in 1957 by E. B. 

I nvis of the California Institute of Technology, pointed to a possible 
IIim .hold lower than the amount of radiation we will be exposed to as 
. H iilt of growing radiation in our environment from the normal 
• (Mint ions of nuclear plants and related facilities. 

I I ms, in the words of Schubert and Lapp: 

In the light of recent data provided by the careful examination 
of patients who have less than the present-day maximum permissible 
levels of radium in their bones but who nonetheless exhibit bone 
lesions, w r e feel that the concept of a threshold for radiation injury 
i*. probably wrong. Any radiation produces some biological effect, 
which would be demonstrated if our methods of assay were sensitive 
enough to detect it. 

()ne of the most highly regarded experts on environmental cancer is 
I >1. W. C. Hueper of the National Cancer Institute. In an exhaustive 
indy Dr. Hueper listed the reports of carcinomas and sarcomas at- 
hibutable to radiation of one kind or another, natural and man-made. 

1 I is concluding sentence is worthy of quotation: 

The sum total of the numerous observations on occupational, 
medicinal and environmental radiation cancers cited, indicates that 
civilized and industrial mankind has entered an artificial carcino¬ 
genic environment, in which exposures to ionizing radiations of 
various types and numerous sources will play an increasingly im¬ 
portant role in the production of cancers. 

The connection between radiation and cancer has been brought 
officially to the attention of the American people and its Government 
1I1 rough The Presidents Commission on Heart Disease, Cancer and 
Stroke. In Volume II of its Report to the President, February 1965, the 
C lorn mission stated that 'The prevention of cancer at present involves 
avoidance or removal of knowrn environmental causes of cancer. This 
includes (1) avoidance of unnecessary and avoidable exposure to ion¬ 
izing radiation and excessive exposure to ultra-violet radiation. . . .” 

Unfortunately, because such visible and palpable agents as cigarette 
smoke, industrial smoke, chemical insecticides, and the like are more 
likely to stimulate associations in the public mind with cancer, radia- 
tion has largely been overlooked as a key carcinogenic factor. The late 
l!achel Carsons book Silent Spring is widely remembered (though, 







































42 


PERILS OF THE PEACEFUL ATOM 


sadly, also widely ignored) as a study of chemical poisons in our cn 
vironment. A closer reading, however, reveals her equally deep concern 
with radioactivity. The conclusion of her chapter on environmentally 
caused cancer deserves citation here: 

Today we find our world filled with cancer-producing agents. An 
attack on cancer that is concentrated wholly or even largely on ther¬ 
apeutic measures (even assuming a “cure” could be found) in Dr. 
Huepers opinion will fail because it leaves untouched the great 
reservoirs of carcinogenic agents which would continue to claim 
new victims faster than the as yet elusive “cure” could allay die 
disease. . . . 

In one important respect the outlook is more encouraging than 
the situation regarding infectious disease at the turn of the century. 
The world was then full of disease germs, as today it is full of 
carcinogens. But man did not put the germs into the environment 
and his role in spreading them was involuntary. In contrast, man 
has put the vast majority of carcinogens into the environment, and 
he can, if he wishes, eliminate many of them. . . . 

Shortening of Life: 

To what extent radiation shortens human life—and in this context 
we mean simply premature aging rather than curtailment of life due 
to some specific radiation effect like cancer—it is difficult to say. Statis¬ 
tical measurement is impossible, both because of the time factor and the 
innumerable variables involved. But scientists believe that radiation of 
any amount definitely ages the population so that it dies off from all 
causes at earlier ages than it otherwise would. They have managed to 
extrapolate to human values observations made of mice and other ex¬ 
perimental subjects, a process which, though subject to some error, can 
still give us a rough idea of what we can expect for the human condi¬ 
tion. Robert S. Stone, in a paper entitled “Maximum Permissible Ex¬ 
posure Standards,” stated the following: 

... It has been shown w 7 ith certainty insofar as mice are 
concerned that exposure to daily doses of X rays of slightly greater 
than i r causes a reduction in lifespan. Boche has shown that the 
lifespan of the rat is definitely shortened by daily exposures of 0.5 r 
and probably 0.1 r, the exposures starting at the time of maturity. 
On the basis of such figures it was felt that for whole-body exposure 
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permissible dose should not exceed 0.05 r per day. Even this 
|,|,)vides a factor of safety of only 2. 

\V liter R Guild, assistant professor of biophysics at Yale University, 
essay on “Biological Effects of Radiation,” also extrapolated re- 
.„| 1. ot life-shortening experiments on mice and surmised that intense 
. mile .loses of 300-400 1 will shorten human life by between four and 
„i tll days per roentgen of exposure. What about lesser doses? 

I here seems,” he concluded, “to be no dose threshold for the life- 

pI»im li ning effect.” 

• * in‘tic: 

t hdinarily a gene, the fundamental unit of heredity located in the 
. hinmosomes ot cells, is stable. It copies itself unerringly generation 
,1 m generation. Occasionally, however, it undergoes a spontaneous 
, h.mt-c, presumably chemical, called a mutation. Then a gene that had 
hitherto been producing, say, blue eyes suddenly starts producing 
|„„ u , n eyes. From then on, all future generations derived from that 
are brown-eyed. Such gross alterations of hereditary character- 

.. ca n also result from breakage of chromosomes, the bodies con- 

1,lining genes, and rearrangement of the broken chromosome parts. 

Under natural conditions, mutations are exceedingly rare, on the 
ni dvr of one in 100,000 generations. But Muller, in the 1920s exposing 
I,nil Hies to radiation managed to increase the number of hereditary 
abnormalities in their descendants. Subsequent studies in a wide range 
,.| plants and animals have confirmed Muller’s discoveries: In every 
uigauism examined, it has been observed that high-energy radiation 
11 ,,ching the chromosomes will produce mutations. 

| |, e number of mutations has been shown to be directly proportional 
the amount of radiation, right down to low levels. The important 
ion is, how low does the level go before we can declare unequivo- 
1 ally that no genetic damage will occur? In i960 James F. row, pio 
I, ..vir of genetics at the University of Wisconsin School of Medicine 
md president of the Genetics Society of America, provided the chilling 

uii'.wer: 


(lencticists are convinced that there is no threshold for radiation- 
mduced mutations: that is, there is no dose so low that it produces 
no mutations at all. Each dose, however small, that reaches the germ 
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cells between conception and reproduction carries a risk to fuim 
generations proportional to the dose. 

What could this mean for the future of mankind? Professor Crnv 
calculating the possibilities in an article entitled “Radiation and Futiin 
Generations,” suggested that for every roentgen of slow radiation, t!i< 
kind of radiation we can expect to receive in increasing doses from 
peacetime nuclear activity, about five mutations per hundred million 
genes exposed will manifest themselves, meaning that “after a numlx i 
of generations of exposure to one roentgen per generation, about one 
in 8000 of the population in each generation would have severe genetic 
defects attributable to the radiation.” 

What are some of the more harmful defects geneticists fear? A few 
examples are hemophilia, erythroblastosis fetalis (a blood disease ol 
the fetus or newborn child), familial periodic paralysis, nervous ami 
mental diseases, metabolic and allergic disorders, and certain congcn 
ital diseases. 

A variety of anomalies, many verging on the monstrous, are possible 
as a result of radioactive damage to the genes. Gigantism, dwarfism, 
albinism, clubfoot, harelip, cleft palate, Siamese twins, Janus monsters 
(two faces on a single head and body), phocomelia (rudimentary 
limbs), sirenomelus (legs fused with no separate feet), hydrocephalus 
(grotesquely distended head), hermaphroditism (physical bisexuality) 
may be induced by radioactive bombardment of reproductive cells. 

Of course, in the evolutionary process, harmful mutations—and most 
mutations are decidedly harmful—tend to eliminate the hereditary lines 
that carry them, because of sterility, disease, and feebleness. But even 
if this process of natural selection does erase harmful strains, the elim¬ 
ination process itself entails suffering of every imaginable sort, whole 
heritages of suffering perpetuated from parent to child to grandchild 
until the last tormented descendant is laid to rest. 

That henceforth man must live in constant dread of a major nuclear 
accident which will wreak death and harm on a level potentially sur¬ 
passing Hiroshima and Nagasaki, is unnerving enough, certainly. But 
we must realize that even if such accidents are averted, the slow, silent 
saturation of our environment with radioactive poisons will be raising 
the odds that you or your heirs will fall victim to any one of the horrors 
depicted here, and possibly to some unexperienced in human history. 


CHAPTER IV 


Nuclear Roulette 


I lie members of the International Conference on the Peaceful Uses of 
Atomic Energy, meeting in Geneva in the fall of 1955, found ll a £ 
iiiopriate to devote four sessions to the subject of reactor safety. One 
paper in particular gave estimates of the theoretical magnitude of 
1 1 .image resulting from a reactor accident, and out of these conjectures 
.-merged a more formal study of the possible extent of harm and damage 
..Imuld a mishap occur. That study, published by the Atomic Energy 
t lommission in March 1957. was entided Theoretical Possibilities an 
('.onsequences of Major Accidents in Large Nuclear Plants. _ 

The study, undertaken by more than forty leading experts in the 
sciences and engineering specialties-many from Brwkhaven National 
I .ahoratory, hence the document’s familiar name the Brookhaven Re 
port— attempted to answer five vital questions: 

1 I-Iow likely is a major reactor accident? 

2. If one occurs, what are the chances that radioactive matenal 

will be released into the environment? .... r , 

3. What factors and conditions would affect the distribution of that 

material over public areas? . . 

4. What levels of exposure or contamination would cause injury to 

people or damage to property? , , 

5. If releases of fission products should occur, what would be the 

scale of death and injuiy and the costs of damage to property? 

To understand the answers, the meaning of the term “major reactor 
accident” should be made clear. Although nuclear reactors use essen¬ 
tially the same fissionable material as atomic bombs, there is nothing in 
reactor technology comparable to the mechanisms necessary for trigger¬ 
ing an atomic explosion. Thus it is technically impossible for a reactor 

to explode with the force of an atomic warhead. 

That fact does not, however, rule out the possibility of an explosion 
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of conventional size. Loss of coolant or failure of various safeguard 
could cause the melting or vaporization of fuel. The melted or vapoi 
ized fuel could react violently with water or air, or could produn 
sufficient steam to rupture the reactor container. Under certain con 
ditions, sodium, used in liquid form to cool certain reactors, can read 
violently with air. And as weVe seen in the Fermi accident, melted 
fuel can recongeal to form an explosive 'critical mass” in one type of 
reactor. 

The force of such an explosion could not only destroy the reactor 
and breach the containment structures housing it, but cause failure of 
secondary or emergency safeguards as well. This combination of fail 
ures would make it possible for gaseous or finely pulverized fission 
products to be released into the atmosphere, where an unfortunate 
combination of weather conditions could disperse them over surround 
ing property and population. People and livestock would be killed and 
injured, crops and real estate rendered temporarily or permanently 
useless. 

In trying to determine what the chances were of such a disaster 
happening, and what the specific damage would be, the AEC team 
was faced with an awesome number of factors—variations in design, 
construction, capacity, location, local conditions, etc. Were we talking 
about a boiling water reactor of 100,000-kilowatt capacity, located 
twenty-five miles from a small city, that has a minor accident on a 
rainy night in a ten-mile wind blowing toward the population center? 
Or a fast breeder reactor of 500,000-kilowatt capacity, located forty 
miles from a large city, that has a severe breakdown in a hurricane 
moving away from the population center? And so on. 

The combinations were endless, and the experts of the AEC realized 
that unless they were prepared to issue a report that was all qualifying 
footnotes, they would have to make some general assumptions. 

They therefore hypothesized a typical reactor in a typical location 
breaking down under typical atmospheric conditions. They presup¬ 
posed a thermal reactor of 100,000-200,ooo-kilowatts capacity—that is, 
one capable of generating a maximum of 100,000-200,000 kilowatts 
of electricity. This reactor was located near a body of water, probably 
a river, about thirty miles from a major city of 1,000,000 population. 

It was further presupposed that this reactor was nearing the end of 
its 180-day fuel cycle when the accident occurred. The fuel cycle is 
the time it takes for radioactive waste products in the reactor core to 
build up to the point where they interfere with the reactor’s efficiency 
and the fuel load must be replaced. The AEG team estimated that at 
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1 lie end of the 180-day cycle an inventory of 400,000,000 curies* of 
j- i .nnous material, measured twenty-four hours after the accident, 

• Mild exist in the reactor core. For comparison’s sake it can be pointed 
"•11 1 lint the amount of only one of the many radioactive isotopes con- 
1 lined in the reactor at that time, strontium 90, would be equal to that 
puxliiced in the explosion of a 3.8-megaton bomb—a bomb 190 times 
more powerful than the one dropped on Hiroshima. And, to illustrate 

I lie potency of radioactivity, it might be mentioned that one trillionth 
•I 1 curie of radon, a gas found in uranium mines, per cubic meter of 
mm is ten times higher than the official maximum permissible dose for 
miners. 

Weather conditions and other factors that might influence the rate 
unci pattern of contaminant distribution were then postulated. It might 
be dry, for instance, or a gentle rain might be falling. The atmospheric 
lability might be a typical daytime lapse (meaning the temperature 
decreases with elevation) with a wind speed of twelve miles per hour; 
nr a typical nighttime "inversion” with a wind speed of seven miles per 
Imur up to fifty meters of height and thirty-five mph above that 
nilitude. In an inversion, the temperature rises with elevation, meaning 

II is colder at ground level than it is above. Heat naturally rises, but in 
an inversion, gases and particles that would ordinarily rise into the 
ulmosphere are trapped at or near ground level. Inversions are thus a 
very dangerous form of weather condition in this context, for a cloud 
of radioactive stuff, instead of soaring high into the sky and dispersing 
over a large part of the atmosphere, will be held down and spread over 
sizable portions of land—a smog, in other words, consisting of radioac¬ 
tive rather than conventional pollutants. 

The ground rules thus laid out, the team was solicited for estimates 
of the odds against three types of accident: (1) one which destroyed 
or seriously damaged the reactor core, but released no fission products 
outside the reactor vessel; (2) one which released fission products out¬ 
side the vessel but not outside the building; and (3) one which released 
them outside the building into the general environment. For our pur¬ 
poses only die third type is pertinent. 

Not all of the AEC team members were willing to assign numerical 
values to the probabilities of such an accident, but the odds given by 

* A curie is a standard unit of radioactivity describing the number of atomic 
iissions taking place per second. One gram (1/28 ounce) of radium transforms 
thirty-seven billion atoms per second; and that, or its equivalent in some other 
radioactive element, is a curie. A simple distinction to bear in mind is that curies 
describe the number of emissions from a radioactive source, while roentgens describe 
the amount of radiation energy an object absorbs . 
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those who were willing were so reassuring that the authors of ilu 
Report could state flatly: “The probability of occurrence of public I, 
hazardous accidents in nuclear powder reactor plants is exceedingly 
low.” The odds ranged from one chance in 100,000 to one in a billion 
per year for each reactor. 

Supposing this “incredible” long shot materialized, the team wa. 
asked to estimate the worst consequences that could be expected. 

The statistics were no less stupefying for being couched in (he 
typically bland language of governmental reports. As many as 3400 
people might he killed, 43,000 injured, and as much as $7 billion of 
property damage done. People could be killed at distances up to iy 
miles and injured as far away as 45. Land contamination could extend 
for greater distances—indeed, agricultural restrictions might prevail 
over an area of 150,000 square miles. 

The significance of these figures may be difficult to comprehend 
even for those who have experienced the ravages of flood or fire, earth¬ 
quake or war. Certainly, nothing remotely comparable can be cited by 
way of industrial disasters. The worst one of modern American times 
was the Texas City catastrophe of April 16, 1947, when a ship loaded 
with ammonium nitrate fertilizer exploded, virtually leveling the city, 
killing 468, and causing an estimated $67 million worth of damage.’ 
Another major accident occurred in October of the following year, 
when a five-day smog at Donora, Pennsylvania, resulted in the deaths 
of twenty persons and the illness of nearly six thousand, some 43 per 
cent of its population. Yet, awesome though these figures seem, they 
don’t begin to approach the dimensions of death, disability, and damage 
rendered by a nuclear smog cast over a territory possibly as large as 5 
per cent of the continental United States. 

The potential for havoc in our hypothetical reactor, then, clearly has 
no precedent in peacetime commercial enterprise, and indeed few 
parallels in wartime. It is therefore tranquilizing to remember that the 
whole thing is merely hypothetical; that the odds against catastrophe 
are at least 100,000 to 1; and that the experts, in the words of Harold 
S. Vance, Acting AEC Chairman at the time the Brookhaven Report 
was submitted to Congress’s Joint Committee on Atomic Energy, had 
to stretch possibility far out towards its extreme limits” in calculating 
the chances of a major accident. 

Suppose, however, that it could be demonstrated that the chances of 
mishap were nowhere near as remote as the Brookhaven experts 
claimed? 

Testimony of a number of experts suggests just that. 
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I he Brookhaven team predicated its odds on the increasing difficulty 
jin accident to progress from rupture of the reactor core to that of 
1 lie surrounding vessel and then to breaching of the building’s contain¬ 
ment structure. This approach implies that each of those units func- 
lintis in virtual independence from the other two. That assumption is 
not warranted. 

The men who design and build reactors have tried to ensure against 
1 he kind of interrelationships among components that would create a 
“house of cards’ type of failure. A completely foolproof arrangement of 
Independent systems, however, is exceedingly difficult to construct. We 
have it on the authority of numerous experts that this notion really has 
ve ry little substance. Theos J. Thompson, a former chairman of the 
ABC’s Advisory Committee on Reactor Safeguards, and J. G. Beckerley 
Mated in the introduction to Volume I of their book The Technology 
of Nuclear Reactor Safety that chains of dependency among com¬ 
ponents may be extremely subtle. Tn fact,” they said, “reactor designers 
and operators should beware of the label 'independent.’ A structure as 
complex as a reactor and involving as many phenomena is likely to have 
relatively few completely independent components.” 

Even granting that it is possible to design totally independent com¬ 
ponents and systems, though, the possibility that several independent 
failures can occur successively within an appreciable period is not 
negligible. Thompson and Beckerley state in their book that at least 
(hree independent causes were involved in almost every reactor acci¬ 
dent they had studied to date: a design flaw, a human error, and an 
instrumentation problem. These and other causes may be operative at 
the same time in independent areas of the reactor, so that breakdown 
in one area for one reason and breakdown in another area for another 
reason might occur coincidentally or as an unexpected result of a third 
breakdown somewhere else. Thompson and Beckerley have in fact pin¬ 
pointed thirteen different contributing causes in at least three ac¬ 
cidents. 

What is more, such successive independent failures can occur within 
moments, too fast for even automatic equipment to be of any help—so 
fast, in fact, as to be considered spontaneous. "A typical nuclear run¬ 
away accident may start and be over in times appreciably less than a 
second,” stated three highly regarded experts, C. R. McCullough, N. 
M. Mills, and Edw r ard Teller, in one paper on reactor safety. 

A description of some of the problems that beset just one reactor 
can give a good idea of the numerous and diverse areas in which 
failure may lurk. Volume I of Small Nuclear Power Plants, an AEC 
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publication, describes ten plants, their design, construction, and opera i 
ing history. One, the Big Rock Nuclear Plant, about three miles north 
east of Charlevoix, Michigan, is a relatively small (75,000 kilowatts) 
reactor ordered by Consumers Power Company in 1959. It generated 
electricity for the first time late in 1962, but suffered a number of 
"outages,” or interruptions of operation, because of technical problems. 
Investigations found the following defects in the reactor: (1) vibra 
tions had jostled a number of screws out of their holes, and these had 
lodged in key moving parts, jamming them; (2) six out of twelve studs 
holding down an important piece of shielding had failed, and a 
seventh was severely cracked; (3) control rods were sticking in posi¬ 
tion; (4) a valve was malfunctioning for no fewer than twelve reasons 
(and those were just "some of the known causes”); (5) foreign mate¬ 
rial was lodged in the rods controlling critical chain reactions; and 
(6) welds on every one of sixteen screws holding two vital components 
in place were cracked. 

Although none of these defects caused an accident, it is not difficult 
to imagine how failure of one component might lead to failure of some 
or all of the others. 

A profile of a real reactor accident will show how independent dif¬ 
ficulties produced a cascading effect which almost ended in catastrophe. 
As mentioned earlier, on January 3, 1961, three men working inside 
the containment building of the SL-i, an experimental reactor near 
Idaho Falls, Idaho, were killed by a blast characterized as a "diver¬ 
gence.” According to a reconstruction of the accident published in 
Nuclear Engineering a few months later, the accident was believed to 
have happened while the men were reconnecting a control rod, which 
regulates the reactivity of the uranium fuel in the core, to the rod’s 
drive mechanism. Subsequent investigation disclosed that numerous 
causes had been at work independently or semi-independently. 

One was a design flaw: The control rods were designed in such a 
way that they had to be attached manually to the upper mechanism. 
In attempting to raise a rod the necessary few inches excessive force 
had to be applied to overcome stickiness, so that when it finally did 
become unstuck it jumped. A second design flaw vested excessive re¬ 
activity control in the individual rods, so that if only a single one were 
withdrawn too far the reactor would "go critical.” 

Another cause was human error, and on a number of levels. The 
obvious error was that of the operators in pulling the rod out too far, 
but the supervisory personnel might also be faulted for proceeding 
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operation knowing that a number of things weren’t working 

* Imi'lequate instrumentation was another factor. No instrumentation, 
for one fioor monitor, was in operation at the time ot tne 

A fourth cause was defective equipment: the sticky control.rods, for 

. thing. For another, aluminum casings on cadmium devices used 

j,„ Increasing the margin for shutting down the reactor safely were 
to be poorly suited to the heat and corrosiveness of the reactor. 

A lifth cause: poor inspection techniques. During the shutdown 

.. ,o the accident, the bottom of the reactor vessel should have been 

,nr.|>octed for boron, a material which adds substantially to reactivi y 

in the core. It had not been, however. 

Acts of God or plain dumb luck can also be independent causative 
l„ tors in reactor accidents, and could have brought about calamity m 
,|„ SL-i far worse than the deaths of three workers. According to an 
•11 tide in the London Daily Telegraph of January 6, 1961, at the time 
„l ihe incident there was an opening in the p ant s outer shell foi t 

.mmodation of a crane. This opening should have been large 

11 tough for a high level of radiation to escape in the event of such a 
mishap. “It is remarkable,” an AEG official told the reporter, that 
initiation did not escape in sufficient quantity to form a cloud wh ch 
,, l(l |d have caused a disaster.” “I can only say we were amazed! the 

n licvedAEC official remarked. , . . 

And had the cloud been released during a squall or atmospheric 1 
version or some other Act of God, that might have been tt for Idaho 

halls and environs. , , „ 

It should be stressed that not only can components be damaged by a 
violent accident, hut the very safeguards designed to protect those com¬ 
ponents can he damaged as well In the SL-i accident, emergency 
rooling systems designed to prevent core meltdown and the emergen y 
system for injecting material that inhibits reactivity, were themselves 
rendered completely useless by the violent movement of the reactor, 

which sheared all connecting lines. , , . , , 

Perhaps, theoretically, “redundant” safeguards can be designed and 
built to plug all loopholes and create truly foolproof independent sys- 
tems. In reality, however, the complexity and expense of those measures 
u,e so high as to threaten defeating the purposes both of people con¬ 
cerned with safety and of people concerned with economics. Repre¬ 
sentative Craig Hosmer of California, speaking at a congtessiona 
hearing, suggested that if designers continue drawing everything hut 
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the kitchen sink on there in order not to have an argument about 
whether their reactor is safe or not, ... we are going to accumnlai* 
large, unwieldy, and very expensive reactors in which some of tin 
safety features may cancel out twice as many of the other ones and \v« 
will have a less safe reactor than we would want to begin with/ Ami 
in the spring of 1967, an Atomic Industrial Forum task force sent 1 
letter to the AEC expressing similar concern with proliferation of sale 
guards. Nucleonics Week reported the group as taking the position 
that “carrying engineered safeguards to an extreme is not always in tin 
best interests of safety.” The task force went on to bemoan current 
emphasis on “studying the cause and course of accidents which have 
only a remote probability of occurrence.” 

Ironically, then, too many safeguards may be as dangerous as too 
few. Even if they weren't they'd still be too costly. The paradox seem 
to indicate that the public may be damned if the industry does proceed 
with utmost caution, and damned if it does not. 

Actually, the whole question of whether reactor components are in 
dependent or not becomes irrelevant when matters are examined from 
another viewpoint. An analogy might help to get the point across. 

Suppose we wanted to calculate the odds against a convict escaping 
from prison. We could first determine how hard it was for him to get 
out of his cell; then the difficulty of getting out of the cell block; then 
the difficulty of getting out of the building; then the difficulty of going 
over the wall. This presumes a sequence of escapes through independ¬ 
ent systems, and the odds against a successful series of escapes would 
be high. 

But suppose the prison's boiler exploded, leaving gaping holes in his 
cell wall, the building wall, and the wall around the prison itself, 
injuring guards, damaging floodlight and siren systems, and liberating 
enough prisoners to overcome whatever remaining obstacles con¬ 
fronted them. Under ordinary circumstances, each wall in the escape 
sequence is independent of the other walls. But all of the walls are 
dependent on the integrity of the boiler. The odds against our convict 
breaching all walls may be 100,000 to 1, but the boiler blast renders 
the odds meaningless. 

To carry the analogy home, utility engineers might design three 
“independent” systems in such a way that although they all rely on a 
single electrical power source, they will automatically switch to their 
own individual generators should that main power source be knocked 
out of commission by a storm. It sounds good on paper, but could not a 
flood—brought on, perhaps, by the very storm that knocked out the 
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. power source— swamp the reac.or and disable all drree auxiliary 

riUaven Report pays 

... abilities, yet examples o£ disaster drat succerfully bucked^ ^ 

, ? Jthe “firemoof” Iroquois Theater, the collision of 

M, ' k - the burmn S of 1 P , Can / n In each instance the odds 

"’■it intet STct ttple: Ae power 

"led .0 establish independent ope,anon should a.lure occu^.n 
I tector—yet, through a chain of events —tee th.Mhe odds 
defy calculation, the lights went out anyway. An it 

New York Times recently reported that with all the wo 

crash into, an American military jet plunging into the city 

l„kuokajapan,na„owlymissedanuelearre^,ch^u . ^ 

We know that nature * “ f “ t ° n .Tttes destructive 
wave, hurricane, tornado electric |j p ut while experience 

lor the future will be with,n range of „anticiplte them 

with these phenomena has enabled mtluy des “ J nature 

in certain areas of the counny, » d “ “ “'^ave in accordance with 

"JETS* •'\ 5 S« a —logical or 
mans expectations, bcarce y y 1 mrmth there a severest 

geological anomaly: a hottest ay ete, C ^ there, lakes drying 
hurricane here, an inordinate number of ^ snow has 

up for the fust time in human memory, S collapsing 

never before been seen, ageold fanIts tn. the »‘ths^ 

inexplicably seething beneath them. Each 
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twister in Minnesota carried an eighty-three-ton railroad coach and .1 
117 passengers eighty feet through the air 

J fZ Tnlhf 1 T 77 ’ S reaCt °f be constructe d to withstand to, 
in Anr i r p, k f.° o aS tr° US dama § e done to utilities by twist.-, 
m April 1965, Philip Spom, one of the electric industry’s leadin,- 
jmeer-executives (now retired), was dumfounded. Though known 
for his farsightedness in all phases of system design, he had to adnii, 

“The A 0 h T g - Wlt L ln 3 tenth ° f tbis seveiit y ever happened before ’ 

that batCeTlatT^ ~ *** * COuld ^ '* 

Ihe following November-one of the lowest tomado-frequenev 

S milff the T’A t 0 T ad ° fdIed 3 nUmber of transmission hues , 
f mile from the Dresden power plant in Illinois. The Dresden 

Okre^tT^h^’ r** * u™ Pr ° bably t0 this plant that Dr. David 
Okrent another former chairman of the Advisory Committee on Re 

“We r d S 0 a h 8UardS ’ WaS ; eferrin8 Wben he told a “ugressional hearing- 
We do have on record cases where, for example, an applicant appeal 

mg before an atomic safety and licensing board stated that 
mathematical impossibility had occurred; namely, one tornado took out 
ve separate powerhnes to a reactor. If one calculated strictly on the 
basis of probability, and multiplied the probability for one line five 
times, you get a very small number indeed, but it happened.” 

Though usually thought of as indigenous to the western and mid 

riea™ U N tCd bta f S ’ tornadoes have occurred on the average of twice 
fivo m New York St ate, six times in Pennsylvania, four in Maine 
five a Massachusetts and once a year each in Connecticut NeS 

tomadodf aW T’ etW£ ? 1953 and j 9 6 5 - Has the possibility of 
mage in these areas been given serious consideration? 

rp ™T d . tbe S3me time a tornado was shearing the Dresden 
™sh and maintenance crew$ . n Minnesota were 

totally sandbagging the area around the Black Dog power station 
ireatened by the using Mississippi River. While a flood is devastating 
enough to conventional utility plants like Black Dog, necessitating the 
demanding and drying out of just about every component that gets 
wet, the damage to a nuclear station could be incalculably worse not 
only m the harm done to the delicate components, but in the potential 
harm resulting from contamination of flood waters with radioactivity. 
AH power plants are going up on one body of water or another; are 
y c esigned to withstand floods? Appearing on television after the 
great power blackout of 1965, Otto Manz, executive vice-president of 
New York s Con Edison, told of a harrowing experience: 
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I mentioned earlier to you gentlemen, ... I worked in Oak Ridge 
I mi Carbide and Carbon Chemicals Corporation and I ran the elec¬ 
ts ,il system down there, and one of the things I was told was don't 
< vrr let that plant stop because you might collect a critical mass of 
uranium hexafluoride in the cascade. . . . And one day the bottom 
11I l he Clinch River came up and cut off all our cooling water, and 
I he plant shut down, and that’s the only other time my heart was in 
my mouth ’cause I kept expecting to hear a big atomic explosion. 

I hit thank God it never happened. 

()nc of the most serious concerns of critics of atomic power is earth- 

♦ jihikes, and thereby hangs one of the most incredible tales in the 
•111 nils of the nuclear industry. 

In 1961 Pacific Gas and Electric Company announced plans to build 

• nuclear power plant fifty miles north of San Francisco on Bodega 
I lead, the first of five reactors on the 225 acres it had purchased for the 
purpose. A group of about a dozen citizens banded together to oppose 
II, at first simply on the grounds that land use and conservation would 
nut he well served by the destruction of scenic Bodega Head. PG&E 
went ahead with its excavations anyway, in anticipation of the AEC 
lonstruction license. 

Because many conservation groups are simply no financial match 
lor powerful utility companies, PG&E didn’t anticipate much resistance 
I mm the Northern California Association to Preserve Bodega Head 
mid Harbor. But the group wouldn’t quit, appearing at County Com¬ 
mission hearings, before the State Utilities Commission, and finally 
before the State Supreme Court. As it progressed, the movement at¬ 
tracted some well-informed consultants and prominent legal talents, 
so that by the time AEC hearings were scheduled, a formidable party 
of two thousand indignant, knowledgeable individuals had rolled up 
ils sleeves and dug in for a fight. More importantly, by that time the 
original conservation arguments had given way to a far more serious 
allegation: that Bodega Head #1 was going up smack-dab on top of 
one of the largest and most unpredictable earthquake zones on earth, 
1 he San Andreas Fault. 

This famous fault extends from north of Bodega Bay almost to the 
Mexican border, and is part of a larger system of instabilities known 
as the Circum-Pacific earthquake belt, on which the western coast of 
South America, the eastern coast of Asia, and the islands of the Pacific 
including Japan are located. Smaller faults parallel to the San Andreas 
pass through Bodega Head as well. Large earthquakes occurred in the 




































perils of the peaceful atom 


56 

fault area and San Francisco region in ,838, 1857, and 1006 tlu I 
being the San Francisco earthquake. That quake affected Point , 
some fifty miles north of San Francisco, and only a few mile, I, 

zzzzt™? each q,,alc ,he *“ ■”»“> .. 

, T1 ,^ f E . C ’ S R f c ] tor Sitin g Criteria stated explicitly that “No fncil.u 
should be located closer than one-fourth mile Tom the surfaced 
of a known active earthquake fault.” Yet the reactor was going 

quarter of a mde ^ ^ *"**“’ ab ° Ut 320 feet sby ' 

According to a report by Lindsay Mattison and Richard Daly in tl„ 
pnl 1964 issue of Nuclear Information, the citizens called'in IV 
lerre amt- rmand, a professional seismologist from the Naval On I 
nance Test Station at China Lake, California. After studying 1 ' 

cavation he reported two crucial findings. 

• F .f the . reaCt f Site lay in an area where great strain accumulate, 
the geologic formations. Here exceptionally high earthquake in 

::“r?H he m>,eriai ** ^ 

be expected with’ 8 18 SU f 8< f ted that a g reat earthquake con I, I 

e expected within the lifetime of the reactor, a view which has since 

een confirmed by a number of authorities. In such an event the site 

ZLl dfspSen™ g ° " f ° Ur m " m pen ”“ em h »'i 

Second, Saint-Armand found that the reactor was being built in 
effect on sand. After describing the ways in which the Lndario 

ZTltCln se ock al,uvium r uld shift or 

waves, lesultmg , n serious damage to the reactor, its cooling system 
and supporting structures, Saint-Armand concluded: “A worse found^ 
tion situation would be difficult to envision.” 

SahiSltnK e i s COnSUltantS , by PG&E it$elf ***** little with 

oamt /Vrmand. It is surpnsing,” the latter said, “in view of the expert 

and ri^T ^ the U L llityS adViS6rs] that an ° ther Site was not chosen 

ever wh T l ^ ahead ” II becomes less surprising how- 

ever when one realizes that PG&E had already sunk some four tilZ 

dohars into the morass under the future Bodega Head #1 

of s rr ken , ^ a 6 C T Pany ’ S consultants showed almost sixty feet 
’ j I’ i nd S3nd ' and one dlese experts, Dr. Don Tocher rec 
omrnended that if further studies supported this conclusion “then 
serious cons,deration should be given to resiting the reactor in’a loca 
re the qUam - di0nte bedrock lies at a depth shallow enough 
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tli.it there can be no possibility of wall failure from seismic forces 
iiiiK on the sands and clay.” 

H G&E declared it had designed the Bodega Head structure to resist 
*i*< cverest shocks recorded or estimated in California. However, re- 
hnicc to shock is not the same thing as resistance to lateral or 
* • tf leal movement of the ground as a result of slippage in the fault. 
I‘<.*VI\ stated that its multiple safeguards satisfied the condition that a 
n 1* lor be designed to withstand the 1 maximum credible operating ac¬ 
cent.” Yet in its hazards report, no consideration was given to the 
i ibility that the huge shear forces generated in an earthquake could 
I •o uch all containment structures. The company justified this exclu¬ 
d'd hy claiming that no slippage in that part of the fault had occurred 
l'*i thousands of years, at least according to their evidence. 

The AEC decided to bring in a couple of members of the U. S. 
< Geological Survey, who said (a) the rock in that area could have 
lipped in recent geologic time, but left no evidence of the shear; and 
l >) whatever had happened in the past had no bearing on what could 
Im surmised to happen in the future: Tf in some future earthquake 
hi lace rupture comparable in severity to that produced in 1906 occurs 
mi the San Andreas Fault, the near surface granitic rock of Bodega 
I lend would be expected to rupture,” and “displacement on the order 
1 *f a few feet, either horizontally or vertically, should be anticipated.” 

I f the AEC was praying for guidance in determining the validity of 
I ’(l&E’s application, its prayers were heeded on Good Friday, March 
iy } 1964, when a severe earthquake ripped Alaska, killing 114 and 
nisting tidal waves into the Pacific. The Alaskan fault was part of the 
name system as the one on which Bodega Head #1 was to rest. 

Four days later, PG&E filed an amendment to its hazards report 
which proposed a building structure surrounded by a layer of com¬ 
pressible material, allowing for movements up to two feet without 
critical damage, “even though the possibility of such movement oc¬ 
curring is not considered to be credible.” Seven months later, when 
the excavation turned up a secondary earthquake fault, the Bodega 
I lead plans were dropped. 

The AEG has since seen fit to take a firmer hand with schemes for 
reactors in fault zones. Recently it sent the plans for the Malibu, Cali¬ 
fornia, Plant #1 back to the drawing board for supplementary provi¬ 
sion for ground displacements due to earthquake activity: Malibu #1 
was also found to be situated squarely over faulted rock. On the other 
hand, the AEC did decide to leave in operation the Humboldt Bay 
reactor, a 68,500-kilowatt nuclear plant started up in 1963. Humboldt 
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Bay is a little up the coast from San Francisco, but since the re;u 1 . 
doesn’t sit squarely on any earthquake fault-at least not on any u 
know of—that one has been permitted to go on. 

Only since the Alaska quake has the AEC promoted the sort of forni.il 
geological study necessary to develop conclusive criteria for buiklin. 
reactors on or near sites of known seismological activity. In its FhikLi 
mental Nuclear Energy Research 1967 the AEC asserted: “A prioi 
knowledge of areas in which geologic-seismologic problems exist will 
facilitate the selection of safe reactor sites. Experience has shown tl.ai 
knowledge of the regional geologic environment is particularly impor 
tant m areas of high seismicity, such as California, because the eanl. 
quake potential of faults and other zones of earth deformation cannoi 
always be determined from investigations in small areas.” (Emphasi-. 
ours.) 

This view was strongly reinforced by a report issued at the end ol 
1968 by the Federal Council for Science and Technology. On Deceit 1 
her 30 a special group from the council, headed by William T. Pecora, 
director of the United States Geological Survey, stated that only 18 
per cent of the country had sufficiently detailed geological mapping m 
give more than the most rudimentary idea of local earthquake hazards. 
Asserting that experience in this country had given a misleadingly 
mi d picture of earthquake potency, the group recommended a ten- 
year research program to assess earthquake hazards and set up guide 
lines for construction policies so that those hazards would be minimized 
where quakes were likeliest. Referring to the San Francisco earthquake, 
the report said: “If such an earthquake were to occur in or near a 
densely populated modern urban area today, the total losses would be 
measured m many billions of dollars and hundreds, perhaps thousands 
of lives." The newspaper article describing the council’s report does not 
mention the additional toll that might result from complications follow- 
mg radioactive releases from a quake-damaged reactor. 

Warnings such as the foregoing only emphasize the tremulous 
foundation of seismological knowledge on which tomorrow’s reactors 
are being sited, but other reactor-related sciences rest on equally shaky 
ground. Indeed, one may read, mingled among the Brookhaven Re¬ 
ports projections of death and destruction, the following admissions— 
and these are direct quotes: 

The cumulative effect of radiation on physical and chemical 
properties of materials, after long periods of time, is largely un- 
known. 
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Various metals used in reactors such as uranium, aluminum, 
zirconium, sodium and beryllium, under certain conditions not at 
present clearly understood, may react explosively with water, also 
present in many reactors. 

Much remains to be learned about the characteristics and behavior 
of nuclear systems. 

The criteria used in establishing [ranges of potential loss due to 
land contamination and evacuation of personnel] are based on 
meager data. 

It seems reasonable to assume that the gaseous elements, halogens 
and the noble gases, would also escape quantitatively although no 
determination was made [in a certain experiment]. Unfortunately, 
such data are not available for the corrosion of more typical reactor 
fuels such as uranium-zirconium alloy at more realistic tempera- 
tures. . . . 

It will be clear that the conclusions reached can be little more 
than educated guesses, since the direct effects on humans of ex¬ 
posures of this character are largely unknown. Similarly, setting 
definite limits on acceptable contamination levels for land to be used 
in agriculture is risky because of the incomplete state of present 
knowledge of the soil-plant-animal-human relationships involved. 

Comparatively little is known about the problems involved in living 
in an environment heavily contaminated by radioactive material. 

Exceedingly little is known about the details of atmospheric 
distribution. . . . 

It is important to recognize that the magnitudes of many of the 
crucial factors in this study are not quantitatively established, either 
by theoretical and experimental data or adequate experience. 

While it can be argued that these disclaimers were written in 1957, 
a glance at any current report by the AEC on fundamental research 
will disabuse skeptics of illusions that all the problems of 1957 have 
been solved, or that many new ones have not cropped up since. 
Furthermore, it must be remembered that solutions found in the next 
four or five years will come too late to serve reactors built during this 
period, or will be inapplicable without extensive dismantling. The 
utility industry is already complaining volubly about the high cost of 
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“backfitting” new components and safeguards to bring reactors up i» 
date and in line with constantly shifting standards. 

One need not be an expert to realize that the whole premise »>n 
which the AEC based its findings is essentially meaningless—namely 
that generalized conditions or an “average reactor” or a “typical ;i< 
cident” can be formulated. Every reactor has inherent nuclear, chcmi 
cal, metallurgical, physical, and mechanical characteristics that do not 
precisely correspond to any other. Each is located at a different distance 
from a population center, and each population center differs in layout 
and density from every other. Each stands on a site possessing distinctive 
hydrological, meteorological, and seismological traits. Each plant i*. 
governed by regulations unique to its own situation, and these are 
administered and executed by men whose capabilities differ. 

The AEC, in short, had to construct the Report on a foundation of 
assumptions having very little correlation with the billions upon 
billions of specific realities of reactor operations. But while such a 
statement could be made of any industrial report, such a technique in 
the evaluation of hazards as great as those of the atomic industry leads 
to extremely dangerous oversimplifications. The impression one gets 
from the Brookhaven Report is that a high degree of standardization 
exists throughout the nuclear utility industry, which in turn suggests 
strict uniformity of operation, codification of regulations, and intensive 
quality control. If the AEC can assert that the chances of a major 
accident in its hypothetical reactor are on the order of 100,000 to 1, 
the public might complacently be led to believe that the same odds 
hold true of the reactor being built up the river. 

The oversimplification of the Report constitutes the primary fiction 
from which many myths about safe nuclear power plants have sprung, 
and the point which cries out for explicit statement in the Brookhaven 
Report is that every reactor constructed tomorrow will be in some sense 
an experiment—not a stereotype but a prototype. The soundness of 
individual processes and techniques going into it may have been 
established in experiments or in other commercial reactors, or presumed 
from mathematical calculations. How sound they will be in a new 
combination can only be determined by putting them together in a 
commercial power plant and trying it out on the public. Such experi¬ 
ence is usually gained at the cost of many mistakes, however, and the 
public must decide whether the magnitude of potential consequences 
is worth the knowledge acquired. “Every reactor that has been operated 
to date, unless it has had at least one almost exact prototype, . . . has 
demonstrated some small differences from expected behavior,” Dr. 
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.. Thompson told a congressional group. Almost always^ 

.. instant, but they seem to indicate thatJ shodb 

. in locating a first of its hinder srze) reactor in a place where 

principles and forces in nature 
,0 his discredit. That he has built empires in the teeth of his 

. in P lete understanding is to his glo^ But that Tie is 

t,r:z t £ £ - w* T° r v»tow 

•__ fofrp —this mav very well be to his everlasting ^ 








































CHAPTER V 


The Lesson of the Thresher 


It should be clear by now that safe, successful reactors will require 
the whole level of industrial workmanship, engineering, inspection, 
and quality control to be raised well above conventional levels. Even 
if safety were not a factor, common business sense recognizes that the 
plant that fails does not earn. 

Whatever common sense recognizes, however, industrial manage¬ 
ment has fallen far short of the standard demanded of men, material, 
and machinery by this new phenomenon. Routine manufacturing and 
engineering practices prevail despite the awareness, and the experi¬ 
ence, that such practices are utterly inadequate. The absence of an 
effective regulatory system, furthermore, has permitted those practices 
to prevail, and continuing disintegration of regulatory policy portends 
grave consequences if atomic power carries out its blueprint for the 
coming decade. 

The nuclear power industry is a business, and the business of busi¬ 
ness is profit. While infinitely more sophisticated than the garment, 
auto, or meat-packing industries, the atomic industry is no more exempt 
than they from the pressures that force compromise for the sake of 
satisfying stockholders and customers. That such lapses, where such 
deadly forces are concerned, can be the forerunners of catastrophe 
seems to have registered with shockingly little force on government 
and industry, perhaps because no single individual is able to step far 
enough away to see how his own unimportant-seeming compromise 
may be the critical link in a chain of disaster. 

In the electrical utility industry, the pressure begins with the con¬ 
sumer: His electricity needs must be satisfied. Because our population is 
expanding, and per capita use of electricity increasing too, demand for 
electric power in the United States is doubling every ten years. 

The consumers pressure is directed at the suppliers of electricity, 
the utilities, who must keep up with demand. If they fail, they pay 
three different penalties: (i) public criticism for betraying their com- 
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.lent to consumer service; (2) stockholder action for losing money, 

lulling to take advantage of profitable opportunities, an (3) 

.. intervention, because unfilled electricity demand leads to 

.laded circuits and large-scale power failures The choice of power 

.. type to fill the demand-coal-fired, hydroelectric, nuclear etc- 

I. ix'iuls^on many factors, but the overriding one is invariably ec 

.. How can power be provided cheaply enough to satisfy con- 

mmers yet profitably enough to satisfy stockholders? 

Whichever form they choose, the utilities must make many steep 
.imitments and investments: Construction and operating, hcens 

.....st lie obtained, land and right of way for plan.’ “ d fo “forth- 
I„„ s secured the community’s power network prepared for the irorth 

..ling delivery of electricity, designers and builders engaged, material 

mid components ordered, etc. All such commitments evolve aroun^ 

deadline, forcing utilities to exact deadline commitmen :S in 

U.,1, state, or Federal licensing agencies, designers, manufact , 

n 'tte“‘ assures originating with the consumer radiate 
through government and industry. Even from this thumbnad sketch , 
dun,Id be obvious that those pressures are mcrediblycornpkx and 
heavy. The opportunities for cutting comers are almost finite 

t he pressure gets intense, resistance to temptation may drop. Th 
Ik liot to suggest that anyone in the nuclear power industry would set 

“ZtL of quality, service, and salat, succumb .0 « 
ingly more urgent ones of delivery dates and profit matpm. Even 
highly responsible executives, and companies with ^ records 
reliability, can give way under the frequently merciless pres 

“Stdlt which the nuclear ^wer industry.shares 

with o.“ industries, it is subject tn some ■***£«-; " 

c“— -h <■- »al. W. have portedh»w 

eagedy the Government has pursued this goal, and how heavtly tt has 

te«*r existing technology, . truly course 
atomic power industry is bnpossiWe-uriess safety ~rg.ua aretreducei 
By extending the analogy between reach,,s and pnsons n*d m he 
previous chapter, the truth of these assertions can be seen more y. 
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An architect confronted by a state agency with orders for a prison il , 
is at once escape-proof and economical might discover that tl, 
values were in conflict; add to that a short deadlin w th fina 
penalties if construction did not meet timetables, and the pressures „ 

thTkTnes'ofcdf • T" ir 7!f ible - % Substiturin 8 thin bars' I, , 
grade steel for bllr T " ^ brkk f ° r granite on walls, 

Sadlinl^ith T 8 ! 6 ° n 6Xit d °° rS ’ CtC -> he can m eet the staid 
cross his I S" 0 f lm - minor chan 8es in the specifications. It n,„, 
SS his mind that such compromises may one day make it easier f,„ 

prisoner to ocape, but rha, abs.racr consider Sees More * J 

8 ““ that be occupied on ihe dare a”! . I 

The archilect may not be the only person who compromises- A sol, 

rr,he? y ? 8 barS meal dam ™ caM 

pecifications, or a state inspector may carelessly overlook 
eonstruenon fla ws . Obviously, ,be odds .pins, escape, which probt 
“ hrgh on paper, have been lowered immeasurably by comZmt- 

nsir„' ^”1 ’ “ n “at : " ry »™ l ™n S bip, »L inadequa,,- 

”e a «ifbSdt Lt™rrs:: 

jar-———^tr, 

Knowmg these dungs, would you, living a quarter of a mile awav 
ri om this prison, rest easily at night? 

h Jh 6 S T e A th j U8ht migHt haVe gnawed on the mind of an observer 

in^the; 6 Caphof' bu’W' 66 ^ 1185 ^ 6 ^L ° n “ I5 ’ ^ in Room AE ' 

!l T r? dlng ln Washin 8ton, D.C. Here, a little after 10 

Holifield J R nt C ° mmi . ttee c on At °mic Energy convened, the Hon. Chet 
Holifield, Representative from California, presiding. Testifying before 
the seven members present was Milton Shaw, director of the § AEC's 

Sen‘i" stt? , ,e,0I>me,,t T-*-*®. Urn comStefhaJ 

een m session since January 25, conducting hearings on the AEC’s 
authorization bill for the fiscal year 1968. 

Shaw had just brought out that EBR-2, the experimental breeder 
reactor on which, since the Fermi plant failure, Si of the Govern- 

setbai SS Si h GS reSted ’ had leCent,y Suffered an un expected 

. M arch 2, 1967, copper deposits were found in the primary 
sodium system. This is how Shaw explained it: P 7 

MR. SHAW: We think we have found that the prime source of the 
copper is from the electrodes of an electromagnetic pump. It a] > 
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pears a total of perhaps n or 12 pounds of copper has been intro¬ 
duced into the sodium system. We must take steps to prevent further 
introduction of copper into the system. This, again, may be a prob¬ 
lem with quality assurance. I understand that these electrodes should 
Imve been plated with a material that is not corrosive in the sodium 
environment. Nevertheless, they weren’t plated properly. We are tak¬ 
ing them out now and we will probably either plate them and put 
them back, or replace them. 

REP. HOLIFIELD: Was that a fault of design? Knowing the tre¬ 
mendously corrosive properties of sodium, it seems to me that should 
Imve been done as a matter of routine. 

MR. SHAW: Mr. Holifield, I think this is probably the most serious 
type of problem we face in the whole reactor business. There is so 
much information we have, so much we know that is not being ap¬ 
plied, it is heartbreaking. 

REP. HOLIFIELD: This was built by the Government, was it not? 
MR. SHAW: Yes, sir, but this is both a Government and industry 
problem. 

REP. HOLIFIELD: We had access to this knowledge. Why didn’t 
the engineers in charge of the actual fabrication of this EBR-2 apply 
the things we know? We can understand why short-cuts might be 
made in the industry from the standpoint of saving money or from 
the standpoint of less background knowledge than we have in our 
in-house capability. 

MR. SHAW: Mr. Holifield, I think the environment that has 
existed too frequently places emphasis on “We must rush through 
because we are going to miss something if we don’t do this job 
quickly.” We keep thinking we can get by whenever a problem de¬ 
velops without correcting the deficiency. Too frequently we find 
that something wasn’t done, such as not taking the radiographs [X 
ray or similar photographs of components for the purpose of detect¬ 
ing faults], or the radiographs that were taken aren’t clear. And the 
decision is made to move ahead, anyway. 

Now these kinds of decisions are made on a very low level, in a 
sense, even though management may be aware of it, or management 
may not be. It is very clear that too many problems we are encounter¬ 
ing across-the-board are due to not having written procedures or to 
people failing to follow written procedures. 

It can be classified as a difference between a disciplined approach 
and an undisciplined approach to getting complex jobs accom¬ 
plished. I believe w r e have paid a tremendous price for what I classify 













































66 


PERILS OF THE PEACEFUL ATOM 


as an undisciplined approach in our reactor business. . . . I thin I 
this point is very important, Mr. Holifield. We must do a better job 
to exert this kind of discipline in our AEC projects, whether they 
are built by laboratory or industrial groups. 

Shaw also described alarmingly hazardous inspection procedure-.. 
Illustrating these with the case of another experimental reactor, tin* 
Advanced Test Reactor, even the AEC representative spoke with some¬ 
thing approaching indignation: 

The ATR situation is deplorable. I say deplorable because the 
purpose of the ATR is to provide a test reactor for fuel. We earn 
even get the parts of the plant together long enough to get it tested 
properly. Of course, we had a strike out there which did hurt some. 
But the fact remains that too many of the components weren't built 
right in the first place. Because of the strike—we took the time to 
reexamine a number of the components to attempt to correct as 
many problems as we could during the strike period. We found that 
the people who apparently inspected and certified suitability of many 
of the components must have been blind. 

Apparently, the inspectors were employees of the companies that 
made the components and were not obliged to report to the AEC; the 
contractor, in other words, was free to inspect and pass on his own 
item without responsibility to the regulatory authority. Asked by Rep¬ 
resentative Holifield whether the AEC had any system for inspecting 
items after they are fabricated and certified by industrial contractors, 
Shaw had to admit “We do not have such a system set up in our re¬ 
actor program right now. . . .” Apparently, quality control and in¬ 
spection is often a matter of “understandings” and “assumptions” 
rather than stringent guidelines and forceful regulation. As a result, 
Shaw stated, “we get into the argument as to who is responsible for 
the malfunction of the valve/ or ‘why didn't we tell the designer that 
the valve had to withstand vibration?' ‘Show me the piece of paper that 
said the valve had to withstand vibration.' The piece of paper does not 
exist in the manufacturer's hands or in his contract,” Shaw declared, 
“even though the understanding of the need clearly existed between 
ourselves and our laboratory, or between ourselves and our prime 
contractor.” 

Having few standards or strict regulatory procedures to heel to, some 
firms apparently feel free to cut comers. The extent to which this is 
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i i„ an industry where whole populations depend on square corners 
pmfoundly distressing, as this passage from Shaws testimony 

!■ monstrates: 


1 et us remember that the reactor manufacturer has the option to 
, Imnge material and quality assurance procedures any time he wan s 
on the nuclear plant he is proposing to build for the utilities, 
incentive may well be economic. Some of the problems are m 1^ 
duced into our development programs because of this flexibility. T 
le ad-times associated with many of these safety programs ma> e 4, 

, or 6 years. Thus as we proceed down the road to develop the 
,.’search and development information and get an understanding o 
(Ik- failure mechanism, the reactor manufacturers may decide not 
osc this [improved] material, or, worse yet, even though the reactor 
manufacturers decided to use the material we know of cases wh«e 
ll,e subcontractor making the pipe decided that the spee fi 
rial was too expensive, or not readily available, and substituted so 
other material. This is how the problems and the controversies 

developing. 

As well Shaw might have added, as the calamities. 

Inserted in the record of these hearings was a summary statement 
ol .he AEC’s participation in the development of criteria, standards 
and codes. This document is most disturbing in its revelation of the 
-.rant progress made in formulation of these vital standards. Rea mg 
n one gets the sinking feeling that the reactors built to date do n 
1 .’fleet the application of many clear-cut guidelines, and thos ^ ei "| 
| iui |t will not reflect many more. In one key passage, for example the 
(lOmmission tells us that the Nuclear Standards Board 
established U. S. A. Standards Institute has taken a number of s p 
,o reactivate the nuclear standards program of the technical soc 
,u rade associations. But “although these actions are expected to 
Sd much increased emphasis to the development.of commerci 
nuclear standards in the future,” says the report, the efforts jus 

TS£rL magnitude of ,h. standards problem£ 
mi,city of progress in that area, the AEC statement declared that out 
3 2800 to ,ofo standards necessary for a typical reactor pome, plan. 
2 Ihe areas of materials and testing, design, elec.ncal gear and tn- 
M rumen ration, plant equipment and pmcesses-ottJy «l»»t too recog- 
nized reactor standards had been approved as of March 1967! 
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The transcript of these hearings is replete with statements by SI, 
ot the most alarming nature conceivable. Here is a handful: 

... we know a safe and reliable fuel can be designed for il 
water reactor plants, if one doesn’t extrapolate too far. Howe . 
there 1S no question but that the fuel warranties being provi.l, 

m r W rr ? meanin gf ul information which is avail:, 1,1, 
to us through the research and development programs. 

Abundant concrete examples show that because of past failures 

results of 3nCl n 7 e en 8 ineen ' n g standards, neither il, 

stru^rin f reSC S-l Ch 3nd d , eVe ° Pment P r0 ^ ams - nor design and com 
struction capabilities are being utilized as effectively as they sfiouM 

cJht Pr r iC !5 7 St b r Paid-S00ner or later - Example after example 
can be cited where failures of equipment have had to be correc.nl 

great cost and time delays after a plant is built and operatin, 

... It is of deep concern when basic and important research and 
development objectives of the Commission’s and industry’s program 
are not being realized in a predictable manner after costly inves, 
ments because of insufficient engineering attention. 

When a technological program comes a cropper, the technical prob 
ems nvanably turn out to be reflections of deep defects in the agency 

ltncv n who7 S ‘ ? r° U y ’ thC failureS n ° ted here are P r °d«cts of an 
agency whose goal of promoting atomic energy has overpowered con 

.derations of caution. Further along in this book, the Zcture and 

policies of the Atomic Energy Commission will be examined in depth 

but a ghmpse at this point of some of the Commission’s values may’ 

one anothTr W 0rganiZati ° nal flaWS and technical ones correspond to 

7 t' Li ,! ie , nthal ; \ McCall ’ s article, “When the Atom Moves 
JSext Door, described a bureaucracy as “any organization, private or 
public, primarily concerned with what happens to it.” He was referring 
pecifically to the Atomic Energy Commission. An early expression of 
this inverted value system was the AEC’s formation, in the 1950s of 
goal-oriented, deadline-controlled “plans” such as the Power Demon¬ 
stration programs, the five-year achievement program of 1953, an d the 
ten-year plan initiated at the end of the decade. While such under¬ 
takings are undoubtedly valuable for the way in which they systematize 
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n».I*, and spur efficiency, they also tend to focus attention on crossing 
iIh tinish line on time, rather than crossing it with all components 
nii ii 1, Traditionally, the order of scientific progress has been (a) basic 
urn ligation; (b) technological application of the knowledge acquired; 
on I (c) social use of the technological innovations. The Integrity of 
. it )ice f a booklet published in 1965 by the American Association for 
tlir Advancement of Science, criticized the space program for commit- 
1 lug itself to particular technological achievements, even as to the date 
I ,k complishment, “in advance of the orderly acquisition of the re- 
l.t let I basic knowledge.” The identical reversal of priorities applies to 
1 lie atomic power program. 

In short, such “plans” and “programs” stress success instead of safety. 
When success finally comes, as it did when the AEC pump at last 
brought forth a flood of plant orders in 1966 and 1967, the regulatory 
agency may be unprepared to handle it. This is true of the Atomic 
I nergy Commission. So geared to promotion was the Commission that 
il-. atrophied regulatory processes were incapable of dealing with ap- 
I'licitions in an orderly fashion. The backlog of unprocessed applica¬ 
tions mounted rapidly. In 1965, one construction permit was issued out 
nl six applications reviewed; in 1966, five permits were issued out of 
twenty applications reviewed; in 1967 fourteen permits were issued, 
but thirty-one remained unreviewed by years end. The AEC, it seems, 
found itself in the position of the old oil prospector who at last strikes 
.1 gusher but realizes he forgot to bring barrels. 

The Commission finally had to admit, in the midst of the deluge, 
that its licensing staff was not keeping up with applications, and new 
manpower was not going to be easy to come by. An “intensive recruit¬ 
ment effort” had been initiated, it was brought out at 1967 hearings, 
l)iit the prospects were dim because qualified personnel were taking 
jobs with the equipment manufacturers and utilities, where the pay 
scale is higher. 

As in any other commercial enterprise, there were only so many di¬ 
rections in which AEC “management” could move to accommodate its 
staff shortage. The proper one, one would think, would be to observe 
its statutory obligation to care and painstaking scrutiny and let the 
backlog pile up, placing caution above all other considerations in much 
the same way that flight traffic controllers did at some airports in 1968 
when they called a slowdown to combat hazardous conditions in 
crowded air lanes. For obvious reasons, such a course was impossible 
for the Atomic Energy Commission. 

The alternative was to streamline administrative and review proce- 
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“ ere are T^ 7 l00Sely 0rganized s >' stems in an y organ,-,, 
^ at ca ” stand tightening up without suffering harm in qua lily 
Unfortunately, the process in the case of the AEC goes far beyond ,1 
mere tightening up of systems; it actually streamlines caution out „l 
the picture almost entirely, resulting in an unspoken, unwritten l>,„ 
pervasive policy of comer-cutting which cannot help but dominate 
behavior of everyone involved in the atomic energy program. In an in 

SertE U H I lf ed “ th i? April 1967 iSSUG ° f Nucleonics > f or instanc 
Kobert E. Hollingsworth, general manager of the Atomic Energy Com 

mission and chief administrator of the seven-thousand-odd peoi.l, 
i: W f Y f ° r U ’ S3ld: “ l , d ° n t C3re for P a P erw °rk, and I make no bon,-. 

down ! ; Can T al0t m0re done if y° u can get someone to boil 
down the issue and tell you orally what it’s about. I’ve probably r, 

Sen 7 aP T . WhiC i h ^ ^ C ° ming int ° 11115 0ffice ~L, 

between 80 and 90%, and its still too much. I work on the basis „l 

h'v n8 7 lth L me ° r C3lling ° n the tele P hone - I’m hopeful that 
iey are already taking action and just calling to inform me. I’m couni 

mg on them to keep as much paperwork from me as they can.” 

Hollingsworth boasted that his emphasis on action has paid off “I 
think everyone around here knows that I won’t put up with things 
getting bogged down,” he declared. “We’ve speeded up everything- 

move^Th-s 8 ? 111 ? PaPCrS tak ’ ng aCti ° nS ’ getting P ro 8 rams to 

move. This has been a speeding up of doing our business. We’re going 

at a pretty fast clip now, and 1 intend to keep it that way.” 

Needless to say, it is essential that a Government agency be run 

tion apparently preoccupied with the threat of paperwork, of confus¬ 
ing genuinely cautious deliberation with bureaucratic delay? Could 
not the pressures to increase productivity cause staff members to act 
hastily on crucial matters in order to keep paperwork off their backs? 

presenteThere 16 aPParent “ ^ con 8ressional testimony that has been 

The fact is that bureaucracies tend to order their values around pa- 
perwoik rather than the functions and services the paperwork repre¬ 
sents. Over a period of time, the administrators tend to lose touch with 
the nuts and bolts of their agency’s operation. Paperwork has a tend¬ 
ency to make things look routine, and problems intellectual. The 
gravity of matters under the Commission’s aegis has tended to lose 
weight as the novelty of atomic power wears off and the day-to-day 
drag of attending to paper problems becomes a dominant factor in the 
agency s attitudes and activities. A number of critics have pointed out 
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I v 1 his kind of familiarity breeds a most hazardous contempt. David 
i lllmthal has expressed great alarm at the “downgrading of a great 

• n<ilie discovery to 'just another government activity' run by 'just 
uuidier’ bureaucracy.” Congressman Leonard Farbstein, in a speech 
in 1965 introducing a bill to make utilities and manufacturers more 
Ininncially responsible for accident damages, said: “In the push for 
l'iw cost power, there is inherent a desire to save costs by placing atomic 
power plants near the center of power consumption and by reducing 
1 hr cost of safety devices. I feel certain no utility would bow to such 
nonomic pressures at this stage of the development of atomic power. 

1 do fear, however, that there may be a tendency to become complacent 

• die years go by, and I think the public is entitled to the protection 
which is inherent in some degree of financial responsibility for negli¬ 
gence.” (The bill was unsuccessful, incidentally.) 

liven AEC’s Milton Shaw wistfully discussed this loss of intimate 
Involvement: 

When the nuclear power program was in its infancy we had the 
personal involvement of many good top management people on one 
or two jobs at one time. During the Shippingport design and con¬ 
struction days, for example, we were at Pittsburgh about every week. 
Yet even then, . . . we felt we had to have the written and approved 
standards and specifications to make sure the job was done as re¬ 
quired. Now there are many plants committed in many sections of 
the country. No matter how many good people are assigned to these 
jobs, they still won't get comparable management attention. 

Equally disturbing are the occasions on which the Commission has 
denied, or sought to divest itself of, responsibility. One of the virtues 
of a bureaucracy, at least from its own viewpoint, is the way in which 
it disperses and obscures responsibility, both by delegating it down the 
chain of command until it vaporizes, and by leaving questions of juris¬ 
diction open so that they can be shuffled up to industry or public or 
to other Government agencies when trouble arises. 

The AEC has made it clear that the ultimate safety of nuclear power 
plants rests with reactor manufacturers and utilities operating such 
plants. “. . . we must reemphasize that the primary responsibility for 
safety must rest with the industry,'' said AEC Commissioner Ramey 
before the Joint Committee in 1967. And the Advisory Committee on 
Reactor Safeguards has stated: “The ACRS believes that it is the re¬ 
actor owner and operator who bears the ultimate responsibility for 
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publ,c safety and that he should satisfy himself fully thl , 

In pages to come the made, will see other instances of this S! 
off of responsibility, such as the AEO's referral to the Defense 11 

S'"”"' “ q “ sl,ons of security against reactor sataage, and . 

Department of the Interior on matters of thermal pollution 

eri oial r'heT Cle8 ' ly ' <hen ' J that « of dear-cut standards .,,,.1 
”, 1 j »om ,c power Industry, and the technical failures that „ 
suit, are due to the huraiucratiza.ion of the Atomic Energy Q„„„„ 

when he'w'rme G >™'®on.r T. E. Murray spotlighted the issu, 

aTomTc™ ri8t ' 'T ’° ‘t “ iS " ot precisely win. 

makes atomic energy policy ,n the United States or how i, is mad. 

r l m “ •■y “ *0 malting of a basic nuclear policy ,!, 

a ion, he would have to go through a tortuous maze of govern me, 

nfoZd p 01 **** P0 |ta ea. draft position papers 

1 c policies, advise, dilute, compromise, and modify polit y 

r*T S ' W0U ' d P r » babl y set lost or give up before he bad com 

Kse thTT-'In' 81 ' ,he S,a “ ' b ' Deparmren, of 

etense, the Joint Committee, the National Security Council the 

a„ror” S ie^ rdi 7 to8 1° a ' d ' ,he SUs, 

AtoiTp n affairS ’ disarmament ' and oth er matters, and the 
Atomic Energy Commission itself. 

N Zrp dmiraI C Vman Ridcover > Director of the AEC’s Division of 
d!e ma ReaC F t0rS ’ ms WiSdy Said “ Unless you can point your finger at 
We neveThadT Xapau ^ e when goes wrong, then you 

control over the FT 6 7 P XeSp ° nsible ” The disintegration of AEG 
most forcefullv hv fe y °} power P ro 8 ram can be illustrated 

with an it ^ ^ Slmp y asang: R something seriously went wrong 

hate P T° T Ct ° r ' CaUSing an acdden t of the magnitude we 
have been talking about-who would answer for it? 

1 he answers may be gathered by considering the tragedy of the 

mmlear submarine USS Thresher, which while undergoing^ deep test 

downTd hUndr f milGS ° ff tHe Cape C ° d COast in A P r d 1963, went 
down with naval personnel and z 7 civilians and never'eame up 

The previous October, Admiral Rickover gave a speech before the 
44 h Annual National Metal Congress in New York City. His prophetic 

2mZa tS in W °f qU ° tin8 3t 1Cngth b6CaUSe ° f thdr 0bvi ™ a nd 

P aralle ls with commercial nuclear reactor technology: 


THE LESSON OF THE THRESHER 


73 


Too often management is satisfied to sit in plush offices, far re¬ 
moved physically and mentally from the design and manufacturing 
ureas, relying on paper reports for information about the status of 
design and production in the plant itself—the real center of the 
< nterprise. This lack of firsthand evaluation results in poorly de- 
•.igned and manufactured equipment, late delivery, or both. During 
(lie past few years, hundreds of major conventional components, 
Mich as pressure vessels and steam generators, have been procured 
lor naval nuclear propulsion plants. Less than io per cent have 
been delivered on time. Thirty per cent were delivered 6 months to 
a year or more later than promised. Even so, reinspection of these 
components after delivery showed that over 50 per cent of them had 
lo he further reworked in order to meet contract specification re¬ 
quirements. 

We have tried to improve matters by sending representatives of 
l lie naval reactors group to manufacturers’ plants to make on-the- 
sjxit checks of engineering and production progress. Often our men 
discover extremely unsatisfactory conditions of which management 
is unaware. The usual management reaction is to disbelieve the 
facts submitted to them. Corrective action is therefore often taken 
too late. The most prevalent inadequacy found in our audits is failure 
to recognize that timely production of high-quality components re¬ 
quires almost infinite capacity for painstaking care and attention to 
detail by all elements of the organization, both management and 
non-management; this is as true for a so-called conventional “old 
line” product as for a new one. . . . 

Time and again I have found that management is reluctant to 
depart from outdated practices; that it is not informed of what is 
actually going on in the plant; that it fails to provide the informed 
and strong leadership necessary to bring about improvements in en¬ 
gineering and production. It is not well enough understood that 
conventional components of advanced systems must necessarily meet 
higher standards. Yet it should be obvious that failures that would 
be trivial if they occurred in a conventional application will have 
serious consequences in a nuclear plant because here radioactivity is 
involved. Even in the non-nuclear parts of our plants we must have 
full reliability if the great endurance of nuclear power is to be re¬ 
alized. . . . 

Rickover then took up specific instances of defects and malfunctions: 
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There have been many problems in material identification and 
ntroll. Recently a reactor component failed to function properlv 
The plant had to be shut down for several weeks in order to remove 
th! S component, determine the cause of failure, and correct it-m 
considerable expense. We finally traced the cause of failure to the 
use of the wrong material in a small pin. The material actually used 

was not as hard as the material specified. 

Recently we discovered that a stainless steel fitting had been 
welded into a nickel-copper alloy piping system. The fitting had 
een certified by the manufacturer as nickekopper, and had all the 
required certification data including chemistry and inspection re 
su t s . In fact, the words “nickel-copper” were actually etched in the 
fitting. Yet it was the wrong material. The system was intended for 
ea water service; had it been placed in operation with this stainless 

steel fitting a serious casualty would have resulted. . 

In another case we ordered electrical components that are used to 
indicate whether a valve is open or closed. After several hundred of 
hese had been installed several failures occurred. It was discovered 

nv h, 7 h T? ° f reqUked 3nd s P ecified in the *aw- 

mgs, had been left out by the manufacturer. 

Many quality control problems are traceable to lack of pride in 
workmanship. In one case a reactor component failure was caused 
y au ty biazmg of two copper wires. We found the braze to be so 

poor tiat when the insulation was removed the two wires fell 
apart. ... 

ati i a r r f yOU ’" concluded Rickover, “I am not exaggerating the situ- 
lon in fact, I have understated it. For every case I have given I 
could cite a dozen more. ...” 6 ? 

The 1964 hearings on the loss of the USS Thresher were full of 
simi ar criticisms. Admiral Rickover brought out, for example, that 
during the recent stay of Thresher at Portsmouth about 5 per cent of 
her silver-brazed joints were ultrasonically inspected. These joints were 

“ Pip , ln8 SyStems ’ 2 inch diameter or larger. The inspection re¬ 

pealed that about 10 per cent of those checked required repair or re- 

all 1 ! he , qU31ty ° f the j° lnts s0 ins Pected was representative of 

all the Thresher s silver-brazed joints this means that the ship had 
several hundred substandard joints when she last went to sea.” 

On March 15, 1967, in Room AE-i of the Capitol Building, Admiral 
Rickover s name and reputation for fanatic devotion to quality control 
came up in a discussion of rigid inspection procedures. In addition to 
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Milltin Shaw there were present AEC Commissioner James T. Ramey 
* \ Assistant General Manager for Reactors George M. Kavanagh. 
\ml of all the testimony given at these hearings, none was more re- 
»filing than the following little dialogue: 

III 1*. HOLIFIELD: This has been the greatest complaint against 
\«liniral Rickover. The manufacturers do not want to deal with him 
Urimse he has rejected defective parts, that is, defective according 
I -1 liis standard of values. 

Mil. KAVANAGH: The fact that he has done that consistently is 
one of the main ingredients of his general success. 

MR. RAMEY: Yes, his reactors work. 

REP. HOLIFIELD: That is right. It is one of the ingredients of 
his success and it may be an ingredient of some of these companies 
1 ight now almost refusing to bid on some of his work. 

MR. SHAW: Mr. Holifield, if a company has the option to turn 
nut a product that does not require engineers and inspectors, com¬ 
pared to turning out one that does, there is no question, I think, 
what most industrial organizations will do. 

In his foreword to the published transcript of hearings on the 
I h rasher tragedy, Rhode Island Senator John O. Pastore, chairman 
"I the joint committee holding those hearings, made an ominous state¬ 
ment: “. . . while nuclear power was revolutionizing the submarine 
a * a weapons system during the past io years, the more conventional 
ir.poets of the submarine and its safety devices were not keeping pace 
with the more stringent performance requirements of greater endur¬ 
ance, higher speed, and deeper submergence. ... It is extremely un¬ 
fortunate that this tragedy had to occur to bring a number of unsatis¬ 
factory conditions into the open.” 

May not the same be said one day about the power industry’s failure 
to accommodate the more conventional aspects of utility design and 
construction to the more stringent performance requirements demanded 
by nuclear power? Nuclear submarines have been described as “four- 
tbousand-ton Swiss watches”; what image describes the infinitely larger 
and more complex commercial power reactor? 

History, it appears, is well on the way to repeating itself. Just as 
there were warnings in the nuclear submarine program before the 
ihresher went down, the problems, defects, malfunctions, and acci¬ 
dents described in this book are clear warnings that the miscalculations, 
negligence, complacency, haste, and irresponsibility now being exhib- 
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ited by our nation’s leaders and by men in high authority in ind„ 
must precipitate a catastrophe if they go unchecked much long,, , 
a sense we are fortunate that only 129 men had to perish to unde, 
the lesson we must learn. Perhaps it is a fitting tribute that their d, „l 
are of cosmic significance to the living. The lesson of the Thresh,, 
wntten boldly and indelibly before every American citizen. 


CHAPTER VI 


Human Frailty and Inhuman Technology 


! )ittu processing people use an expressive acronym to describe how 
Mimputer performance depends on human performance: GIGO. It 
ciikIs for Garbage In, Garbage Out. It means that the quality of a 
uimputers output is only as good as the instructions programmed into 
it II’ you feed it garbage, it will turn out garbage. Stated another way, 
1 he Haws in a computer program will reflect exactly those of the men 
who fashion it. 

The same holds true of any other technology: There is virtually no 
mechanical failure that cannot be traced to a human one. Furthermore, 
l he more sophisticated the technology, the more precise will be the 
< orrespondence between the subtlest gradations of wisdom or igno- 
iiince, care or negligence, dedication or apathy, and that technology’s 
success or failure. When meters, grams, and seconds are no longer good 
enough; when the specifications call for millimeters, milligrams, and 
milliseconds, the demands made on humans are accordingly refined. 
Minute human lapses that might be tolerable in a conventional in¬ 
dustrial procedure will wreck the more exacting one. 

And when, as in the case of atomic power plants, the technology is 
not only exacting but hazardous in the extreme, then a trivial mis- 
judgment or a moment’s inattention can spell doom. The word GIGO, 
then, takes on a special meaning in the context of nuclear power, for 
the smallest trace of human “garbage” that slips into a reactor’s design, 
construction, or operation may very well manifest itself in a cata¬ 
strophic eruption of radioactive garbage. We have seen how we are 
failing to engineer components to meet the cruel tolerances imposed 
by nuclear reactor technology; now let’s examine how well men are 
engineered to meet them. 

The sudden surge in orders for nuclear-powered utilities in 1966 
caught science and industry by surprise and revealed labor shortages 
in every sector. An article in the January 1967 issue of Nucleonics 
described as “cliff-hanging” the ability of manufacturers to fulfill or- 
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I V'LuchTT Sed f deliVery -. dateS - An 0ffidaI at GeneiaI EIec «c cll. l 

f ! uch and 8 ° for * 971 , " and Babcock & Wilcox said, “If the in,l„ 

try tries to ge t too many nuclear plants started up at once, there’s .. 

to be a bottleneck in constructors." 

malLtTnf 8 §aP betWCen ° rderS and Capadty Palpitated a v, , 
manhun for new engineering and scientific talent as well as labor ,,, 

a lower level. Westinghouse, for example, had about 650 profession 

d administrative employees on its atomic power staff in 196^ 

recast a 250 per cent increase to 1625 employees by 1969. Unable 

fhmTln2 a d StateS ’ Westin 8 house began seek. 

em m England, Sweden, and elsewhere in Europe-where it foun.l 

cotten C ° mpetltl0n nl tbat ra P id) y growing nuclear market. “WeY, 
gotten about twenty-five already," Westinghouse was able to boas. , 

Nuclea" C Iater ' Wl [ ] R °wland, vice-president of Babcock & Wiles 

imnv of ? neratl ° n Department ’ said bis company would have to train 
many of its conventional-service engineers for nuclear work 

buefi explosive expansion negatively affects industrial personnel in 
number of ways. We have already seen how it not only leads to error 

PonentTbT 5 ^ CUtS * ** manuf “ and assembly of en, 
p ents, but causes inspection oversights and relaxation of managemeni 

^oLTwTh T" ° f b0t , h th ° Se Wh ° Sdl and Z. 

nel in the Am V ‘ ° T ' ^ sh ° Ita 8 e of C0 ™Petent person 

nel in the Atomic Energy Commission itself has forced lowered viei 

lan e m the very agency charged with regulating the industry 8 

is not unreasonable to expect, then, that the pressures produced 

sonnU^ l XpanSI ° n ° f th f industr y will engender shortages inthe per 
wo operate and maintain nuclear plants, and in qualified 
supervisors and training directors. Even if a utility starts out with a suf 

maXZ XleadT ne1 ’ ^ ^ ° perative in a sel,er ’ s M»r 

shorthLded andl f lds ’ leavin 8 the victimized utility 

shorthanded and forcing ,t to replace highly skilled and experienced 

men with relatively inferior ones. Even if that does not ha™ the 

usual dynamics of staff turnover will take their toll of top men In his 

ETS" t TT l,carin f Chair " ,M -w 

em, saying, Unless there is a drastic change in the present military 

be ZLeTmch 17 - 60 ) 1 C ° nCePt K , whereby com P etent individuals will 
with T , 3 , reSP ° nS,bility for Periods commensurate 

verse effect'on Z t0 . C0m P lete a tech nical project without ad¬ 
verse effect on their promotion opportunities, the high standards of ef- 

ficiency and safety required wall be most difficult to attain.” 

relatively inferior" operator or supervisor may be an extremely 
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* ! Individual whose only disadvantage is that he has not lived with 

m in tor from the outset. Under conventional circumstances familiar- 
iih every tiny detail of a machine and its technological environ- 
**i would not be an indispensable condition of safe and successful 
Mil operation; in nuclear technology, however, a very good ‘second 
* r. nowhere near good enough. 

\ u matter of fact, it is dubious that “best" is even good enough. 
'*• ider first the operator, the man actually at the reactors controls. 

* . theory he is a thoroughly educated and trained individual whose 
I < license guarantees a high level of technical competence. But 
liy should we safely assume that his training and licensing will not 

the product of the same kind of comer-cutting and standard- 
eiing we have witnessed in other areas of the industry or that com- 
1 my managers wall have the time to train operators rigorously; that 

* 1 will not be made easier? There is little in industrial tradition to 
1 ure us on these scores, and once again the Thresher hearings sug- 
1 that the problems are by no means speculative: 

I U P. IIOLIFIELD: Admiral Rickover, I understand that before the 
t hresher incident at least there was quite a bit of pressure to get 
you to reduce some of your rather strict requirements in the selec¬ 
tion of operators and the training of those operators. What is the 
Nlatus of that situation? 

ADMIRAL RICKOVER: The attempts toward “degradation of spec¬ 
ifications” on personnel—I will use that simple expression—still go 
on. . . . 

Our real problem is in the submarine staffs where nearly all of the 
people are non-nuclear people some of whom have a deep resent¬ 
ment against the nuclear navy because it has put them out of busi¬ 
ness. They are constantly trying to get the personnel degraded. It 
lakes a lot of fighting to keep it going. 

But even if such unsettling conditions were not transferred into the 
commercial nuclear power field, it is nevertheless virtually impossible 
for even the best-trained, most experienced and alert operator to be 
prepared for, and capable of handling, every contingency that might 
confront him. If every commercial reactor is a one-of-a-kind phenome¬ 
non, possessing a unique and constantly changing personality, how 
can anyone be certain that an operator will be able to anticipate and 
deal correctly with eccentricities displaying themselves for the first time, 
with failures and combinations of failures so “incredible" that no pre- 
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cept in his training, no precedent in his experiences, tells him li<* 
cope with them? As one survey noted, 'The importance of opera in 
ror as an accident initiator arises from the intimate relationship win 
usually exists between the design of the plant, the control system i 
operating procedures in use, and the personal attributes of tin ■ 
dividual operator and his supervision.” Is there any wisdom whalsi" 
in trusting that the personal attributes of the individual operator m . 
always be up to sustaining this intimate relationship? 

A reactor operator is, after all, not a god. Apart from his spnul 
skills, he is subject to the same physical, emotional, and mental stum 
as most other workers, and his every frailty constitutes one more mt 
known safety margin in any plant. 

The AEC's licensing regulation io CFR 55 provides that the appli 
cant for an operators license "must pass a physical examination 1 
show that his condition and general health are not such as to be < 
pected to cause operational errors which might endanger public hcalili 
and safety.” Aside from the possibility that the examining physici.m 
could overlook or disregard a potentially serious condition, are thru 
not countless ailments that might arise between mandatory examiit. 1 
tions? Might not a head cold or severe indigestion or some othn 
indisposition impair an operator's general efficiency or specific physt 
ological functions such as eyesight or reflexes? 

And what of examinations for psychological health? Is it not pos 
sible that an otherwise capable operator may bear some latent menial 
disorder that fructifies after he has been on the job awhile? Dr. Don 
aid Oken, M.D., associate director of the Psychosomatic and Psychiatric 
Institute of Michael Reese Hospital in Chicago, pointed out some 
rather disturbing observations made in studies of reactor accidents: 

There are ample data indicating that most "accidents” are moli 
vated acts subserving psychological needs. I do not, however, base 
my concern on data derived from other situations only. A review of 
reports of past criticality and reactor incidents and discussions held 
with some of the health personnel in charge reveal a number of 
striking peculiarities in the behavior of many of those involved—in 
which they almost literally asked for trouble. This has occurred in 
the face of an Atomic Energy Commission safety program which has 
been pushed hard and has generally been highly effective. We know 
that some individuals have a particular psychological make-up lead¬ 
ing to frequent accidents. These accident-prone people sometimes 
can be identified on psychological grounds. ... It seems evident, 
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il.rn that the selection of scientists and personnel for sensitive work 

I.Id include screening for this factor. . . . Perhaps every mstalla- 

should have, as a part of its health division, a psychiatrist or 

I v< liologist. 

()nc need not get superanalytical to understand that the principle 
, iIt., death wish, a well-accepted and documented explanation of 

... behavior, is operative in the accident-prone individual, and 

H.iuht he operative in the psyche of the fellow at the control console. 

,,, may normally be well in control of his darker impulses, but sup- 
he bears one morning a subconscious resentment against tie 
iinpnny management for some real or imagined slight, or just wakes 
as everyone does from time to time, simply feeling uninvolved? 

Other psychological pressures may also be present, as witness this 

.. of a failure at Puerto Rico’s Bonus reactor, as reported m the 

I • binary 1965 issue of Nucleonics. 

The operator closed the wrong valve-a bypass valve on a drain 
nap in a line that at the time was being utilized as the flow path for 
steam from the reactor-rather than a valve in a line that was to be 
warmed up in preparation for the next experiment. Flow of super¬ 
heated steam was reduced to about 20% of original value for about 
j. 1/2 minutes until corrective action was taken-after a rapid rise in 
power level and reactor pressure were noticed. Corrective action was 
to check the rise in power by inserting one control rod 5 inches. 
However, Combustion [Combustion Engineering, designer ot the 
reactor] evidently felt in retrospect that this was inadequate since 
one of the nine measures reported to AEC as having been taken o 
prevent a recurrence is “an effort ... to dispel an apparent sub¬ 
conscious reluctance on the part of reactor operators and shift su- 
pervisors to manually scram [shut down instantly] the reactor. 

Aside from the death-wish theory, the “apparent subconscious re¬ 
luctance” shown by the operators may be due to fear that they wi e 
. ailed on the carpet for causing the expensive delays which emergency 
shutdowns often entail. However one interprets their hesitation 
,hough, the fact remains that such inaction in a crucial situation cou 

'Tventf psychological screening and periodic mental examinations 
were mandatory in this field, there would still be no way of anticipat¬ 
ing temporary lapses of attention or momentary aberrations brought 
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I I 


on by financial problems, domestic difficulties, bereavement, I. 

t' 1 ”' 1 "'' w,,h oolleagues or supervisors, hangovers 
plain daydreaming. 5 ’ 1 ,n 

Nor has sufficient consideration been paid to what might l„ ,1, 
scribed as the psychopathology of accidents. Dr. Oken, quoted < ,,l 
this chapter, stated m the same paper that “. . . accidents u ,„| , 
occur in clusters during periods in which other signs of psycholo,,, , 

— ° r ^ - 

max;?. 

example rs the SL-i accident which happened on 5 re eve„i„l”i„„ 

L n cSV-d- aft6r 1 IO " da J h ° liday shutdown - Enough others 
be cited to indicate that judgment and alertness may he affect. , I 

dversely on late shifts or on shifts where morale is likely to be l,m 

r where attention is wandering because of holidays or other reason-. 

It can be argued that these factors obtain in all industries not i,M 

Si" ff* fie,d V That r be S0 ’ but the 0ne diff “ 

makes all the difference lies m the magnitude of the consequences YYV 
hav pointed out that no industrial disaster can match the havoc pm 
duced by a nuclear power plant catastrophe, but this point is of such 
paramount importance that it is worth the risk of repetitiousness to liv 
it ineradicably m the reader s mind. 

rcSlite “hT <l> T° Cti0n ^ ' he operator Iwo special 
responsibilities. He must not on the one hand become too self-con 

cious, nor must he on the other become too self-satisfied. 

We know that excessive conscientiousness can itself bring about the 

2 2T e " ai 7 ,0 prevent: Misht ”■ “ irit 

biltas rf do!tao 'da' P “ d “ S “ ll,OUSan * 0t a " d 
freez^ in a tS Tb 8 ' P 7 °” his he 

**** in ** n < 

Although designers can provide a variety of means for buildino 
safety into a reactor, these features may be negated Mhe otat? 

A sa ety device may go out of order, or a gauge yihdZ TcorS 

funTti’ons" UnlesTth" ' 8n ° re , instrument responses that disclose mal- 
tunctions. Unless the operating organization is alert to all signs of 
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iilmormality, right down to the most subtle indications, the safety of 
1 lie reactor is in jeopardy. 

What an awful burden to lay on one mans shoulders! 

Just as heavy is the opposite responsibility of not taking too much 
I'M granted; many accidents occur just when a company is patting 
11 self complacently on the back. Again, the words of Thompson and 
Heckerley sound a tocsin: 

In reactor facilities one of the chief booby traps exists because 
there are so many safeties involved. Some accidents have occurred 
because a relaxed or sloppy crew unknowingly has successively al¬ 
lowed various interlocks and safety measures to be breached one at 
a time; the logic of the operators always is that there are several and, 
therefore, the breaching of one is not important. Indeed, the results 
may be totally inconsequential until that time when the last in a long 
series is breached, and then the results may be very serious. 

It is not always easy to document operator errors in assessing re¬ 
actor accidents, since those errors may form only a barely perceptible 
—though no less vital—link in the chain of events. And, naturally, 
operators are no more eager than anyone else to step forward and 
accept responsibility for a mishap, especially if it is a costly one. An 
account of a Canadian reactor accident, however, illustrates how opera¬ 
tor misjudgments can compound, if not actually precipitate, an inci¬ 
dent of potentially devastating proportions: 

The start-up procedure was to have been normal and the heavy 
water level was raised to a point for normal operation. An operator 
in the basement then by error opened three or four bypass valves 
thereby causing some of the shut-off rods to rise. This movement of 
the shut-off rods was noticed by the supervisor at the control desk 
who then went to the basement and corrected the situation. Ap¬ 
parently, however, some of these rods did not drop all the way back 
into position, although the signal lights at the control desk were 
cleared. The supervisor then instructed, by telephone, his assistant at 
the control desk to push specified control buttons; however, his in¬ 
structions were partly in error, though normally the error would 
not have resulted in any difficulty. It became evident from the rate 
of rise of reactor power that the reactor was super-critical at a time 
when it was believed to be sub-critical. When the control button to 
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insert the shut-off rods was pushed, it was found that all of the rod 
did not fall back into the reactor because of the earlier error in in 
structions, and also because of some mechanical difficulties. When ii 
was observed that the reactor power was still increasing, the valve 
to release the heavy water into its storage tank was opened and after 
a few seconds the reactor was shut down. . . . 

Some 10,000 curies of long-lived fission products were released into 
the heavy water as a result of this emergency operation. By compari 
son, only some 1500 curies of radium had been produced in the world 
up to the time of the accident. 

Of course, the operator is but one member of a team of employees. 
Even if his control of the operation is impeccable, plenty of oppor¬ 
tunities for error exist for the more conventional breed of worker, and 
some of these errors could be catastrophic. Although it is imperative 
that each worker perform his task with perfect thoroughness, caution, 
and alertness, it is no more realistic to expect consistently high levels of 
performance from pipe fitters or electricians than it is to expect it from 
the ablest licensed operator. Because humans are humans, accidents 
will happen. In fact, few of us realize the extent of industrial accidents, 
but an article in the New York Times of September 1, 1968, written 
by Howard A. Rusk, M.D., reported some startling statistics. In 1966, 
for instance, 2,200,000 Americans suffered disabling injuries at work, 
the figures averaging out to 55 persons killed, 8500 disabled, and 27,- 
000 hurt less seriously on every working day. Accidents on the job 
cause about ten times as many working days away from work as do 
strikes and other work stoppages. But then that fatal difference rears 
its head again: The kind of industrial accidents that happen all the 
time in most other fields, resulting in limited damage or injury or 
deaths, will have far-reaching effects when they occur in a nuclear 
plant. 

To give some idea of the weight placed on accidents that would be 
considered trivial in another industry, the AEC is legally obliged to 
report, and has reported in annual summaries, such cases as: 

During the opening of a calorimeter can in an open laboratory, 
the lid blew off to a height of about two feet above the table top. 
The sudden release of pressure forced radioactive dust (plutonium 
oxide) particles out into the room atmosphere. Five employees were 
in the room at the time. Contamination was dispersed throughout 
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ihe laboratory and adjacent rooms. Decontamination costs were 

A chemical process operator received a cut to his finger during 
cleanup work in a processing area. 

A construction force was removing a plastic greenhouse enclos¬ 
ing a hood over a conveyor. ... The workers, unaware that the 
tape which they were removing covered old tape which was placed 
over holes in the conveyor, removed the tape used to sea t e 8 iee "' 
house to the side of the conveyor and inadvertently removed the old 
tape also, causing the spread of radioactive contamination . . . 
(cost $5100). 

After an experiment was completed, an employee was instructed 
to decontaminate glass apparatus used in the experiment. On the 
way back from the decontamination area, the employee carrying the 
glass apparatus containing polonium was accidentally bumped by 
another employee, causing him to drop a small glass tu e. e u 
shattered, spreading polonium contamination over the immedl ^ 
area. . . . Operations in the building were down for approximately 
two-thirds of a day for decontamination. 

Minuscule incidents like scratched fingers, lids popping off contain¬ 
ers, and people bumping into each other would scarcely be worthy of 
mention in accident surveys of practically any other industry. That 
they are officially listed as “serious accidents” by the AEC, that they can 
shut down a company’s operation for almost a day and cost four or fit e 
thousand dollars for decontamination, are good indications of how 
treacherous is the stuff we’re dealing with. One would therefore thin 
that no task, however tiny, involving nuclear material would be as¬ 
signed to a worker not thoroughly familiar with the nature of that 

material or his duties. . „ . , „ • 1 

Yet there are instances on record where potentially hazarcou 3 
were assigned to individuals utterly untrained or otherwise incompe¬ 
tent to perform them. On July 24, 1964, for example, Robert Peabody, 
an employee at United Nuclear Corporation, was given a plastic con¬ 
tainer five inches in diameter and sixty inches high to rock on his 
shoulder to bring about a desired chemical mixture of radioactive ma¬ 
terial. He was then instructed to pour the contents fiom the saf 
shape of the plastic container into a mixing Jar eighteen inches in di¬ 
ameter and twenty-six inches high, a shape capable of concentrating the 
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mixture into a critical mass-one in which a runaway chain reaction <»| 
explosive energy is initiated. The violent reaction spattered him wiil» 
radioactive liquid, and two days later he was dead. According to tin 
account, Peabody had no training whatsoever in the field of chemk;il 
reprocessing of radioactive material. 

If minor accidents committed by conventional laborers are of p<> 
tentially major significance, what can be said of more serious example 
of error and carelessness? 

The AEC’s Annual Reports to Congress reveal some unnerving cx 
amples of human negligence in AEC facilities. Perusal of the Report ■, 
for 1966 and 1967 discloses that 3844 pounds of uranium hexafluoride 
were lost due to an error in opening a cylinder; 50,000 pounds of 
non-radioactive mercury were spilled to the ground in an operational 
error; 10 gallons of waste solution were spilled on a floor during re 
pair of a valve; approximately one-half pint of plutonium solution was 
spilled in an elevator; 100,000 pounds of non-radioactive sodium di¬ 
chromate was spilled from a storage tank and drained into a sewer; 
a $220,000 fire in a heat exchanger cell of a Hanford Works, Wash¬ 
ington, reactor was traced to the accidental tripping of valves by elec¬ 
tricians during previous maintenance work, permitting oil to escape 
from the circulating pumps. 

None of these accidents led to disaster; but who will warrant that, 
with the projected proliferation of power plants and their satellite in¬ 
dustries in the coming decade, a similar “goof” will not trigger an 
event of disastrous magnitude? 

Thus far we have been talking about “accidents,” mishaps which 
occur despite our best conscious efforts to prevent them. But not all 
accidents are “accidental”—some are the product of deliberate human 
design and planning. Are our nuclear power facilities any better pre¬ 
pared to defend themselves against human hostility or malevolence 
than they are against human recklessness? 

Consider labor trouble. The AEC’s labor relations have been good, 
but “good” is not necessarily good enough. In 1967, about 182,000 
man-hours were lost in operations and construction of nuclear-related 
facilities due to strikes against Government contractors. The worst of 
these, accounting for 104,969 man-hours, was a strike against Douglas 
United Nuclear by the Hanford Atomic Metal Trades Council, which 
ran from September 1 through December 12, affecting Hanford’s “N” 
reactor. 

These disputes were finally resolved peacefully. But unfortunately, 
even a non-violent strike can create extremely hazardous situations at 
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.nmerdal nuclear power plant. Utilities must workground the 

Im k. A work Stoppage in a unionized department or dmsiov i wd, 

, ,„st experience is any guide, force management personnel to teke 
jobs with which they are unfamiliar, or which they haven t tackled 
1 years The consequences in a nuclear plant are easy to imagine 
the record of strikes against defense installations, hospitals, an 
public services such as transit, garbage collection, fire and police de 
1 111 ments shows plainly that organized labor can display remar 
insensitivity to public welfare if it believes its demands justified. T 
I. not necessarily a criticism of organized labor, w ose 

,,.,inst a utility’s management might very well be responsible ) 

I,.'" It is merely a statement of fact that strikes will occur for good 
ir.isons or bad, but the best reasons in the world would be of no con 
, ciuence in the light of a reactor accident at a struck nuclear plan . 

Although few labor disputes end in violence, it would ^ke only on 
,11 considered act of hostility to plunge a territory thousands of square 
o.iles in area into nightmare. The act might he perpetrated by one 
disgruntled employee or ex-employee without the sanction or even 
I now ledge of responsible union leaders. The dispute might take a sim 
I „ course to one that began in 1966 between the International Brother¬ 
hood of Electrical Workers and the Alabama Power Company, a ut y 
red b conventional fuel. On August 16 of that year, negotia^ns 
^ ne. contract with some 2400 members of the union broke down. 
Within the next thirteen days, saboteurs opened oil ^ves at four sub- 
aliens in the Jasper area, allowing an essential coolant and insulato 
,o drain from the transformers. By late November of 1966, some J°^ 
live acts of sabotage had been reported by the company indudmg 
the shattering of insulators and throwing of chains over highwolt ge 
lines. White-collar workers were assigned double shifts to k p 
power flowing, but some found their passage into the plant blocked by 

''Hid Alabama Power been a nuclear utility, these hostilities would 
most assuredly have set the stage for a serious accident. Short<ircm g 
„f power lines and destruction of transformers could cut off both reg 
far^d emergency power to the reactor and its backup safeguards. The 
burdens upon the handful of men operating the plant would eno 
mously increase the possibility of serious error. The management migh 
decide to shut the plant down until the strike was settled, but 
does not guarantee that no accident would occur upon resump’ ° n 
operations We have read T. J. Thompson’s observations on the spe 
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cial hazards present in nuclear plants during start-ups; the residu I 
hostility and other emotional excesses affecting returning workers m l 
operators might be contributing if not causative factors in an acciik m 
occurring at that time. 

There is little evidence that commercial nuclear power plant man 
agement is allowing for such contingencies in plant plans, safeguard 
features, personnel deployment, and other security measures. Rcl'c, 
ences not merely against labor sabotage, but against political sabotage 
civil disorders, and war are conspicuously absent from the many con 
struction specifications, license applications, and safety reviews exam 
ined by the authors of this book. Why? 

The reason, incredible as it may seem, is that the Atomic Energy 
Commission does not require such security provisions as criteria for 
issuance of construction and operating licenses. 

In 1959 the possibility of sabotage in the nuclear field became a rc 
ality when-according to Robert Gannon in an article some years later 
entitled “What Really Happened to the Thresher,’’-cables on the sub 
marine Nautilus were found cut. Nevertheless, the AEC did not re 
quire utility applicants to address themselves to the sabotage issue. It is 
not surprising that when the AEC submitted nuclear plant design cri 
teria to W. B. Cottrell, director of Oak Ridge National Laboratory’s 
Nuclear Safety Information Center, the very first of his long list of 
general comments was: “The ramifications of civil disobedience, riots, 
strikes, sabotage, and the like have not even been mentioned. With 
this vast potential risk in mind, should not the physical security of the 
plant be considered?” 

As of this writing the AEC still does not seem to think so, though 
how it is able to reconcile its position with its explicit commitments un¬ 
der the Atomic Energy Act “to make the maximum contribution to the 
general welfare, subject at all times to die paramount objective of mak¬ 
ing the maximum contribution to the common defense and security”_ 

it is impossible to explain. As a matter of fact, not content to leave its 
position flexible, it issued on February n, 1967, a notice in the Fed¬ 
eral Register of its intention to amend several stipulations in its licens¬ 
ing and review procedures, so that in the future it would be clearly 
understood that: 


An applicant for a license to construct and operate a production or 
utilization facility, or for an amendment to such license, is not re¬ 
quired to provide for design features or other measures for protec- 
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lion against the effects of attacks and destructive acts, including 
sabotage, directed against the facility by an enemy of the United 
States, whether a foreign government or other person. 

By an intriguing coincidence, the AECs amendment proposal was 
introduced in the midst of a legal action revolving around this very 
issue. It happens that on March 22, 1966, Florida Power & Light Com¬ 
pany applied to the AEC to build two nuclear power reactors at Turkey 
Point in Dade County, some twenty-five miles south of downtown Mi¬ 
ami. The following August, an attorney, Paul Siegel, wrote the AECs 
Director of Regulation discussing the possibility of a bombing attack 
against the proposed reactors from Cuba. He suggested there might be 
little difference between dropping a nuclear bomb on one of Dade 
County's cities and using a smaller conventional bomb to breach the 
Turkey Point reactor's containment and coolant systems. His letter 
requested thorough exploration of these possibilities. 

On January 25, 1967, the AEC issued a notice that a public hearing 
on the Turkey Point plants would be held in Miami. It is interesting 
l hat in an unrelated but by no means irrelevant event the very next 
day, a full-time employee of the right-wing Minutemen organization 
and six other men were arrested by the FBI in Seattle just as they were 
grouping to carry out a plot that called for, among other things, blow¬ 
ing up a power plant. In any event, Paul Siegel filed for a Petition for 
Leave to Intervene in the Turkey Point proceedings, asserting that his 
interests might be affected by accidental releases of radioactivity from 
the reactors and by intentional attempts to harm them. That the AEC 
would want to air his contentions seemed reasonable enough to him, 
considering the AECs statutory dedication to public health and safety 
and to the common defense and security. But at the pre-hearing con¬ 
ference on February 1 o, the attorney for the Commission s regulatory 
staff said in effect that the AEC had never concerned itself with the 
effects of sabotage or enemy attack, and didn't plan to do so now. The 
AEC attorney then produced the proposed amendments cited above, 
which went into the Federal Register the next day. On the twentieth 
of that month, the Commission issued a Memorandum and Order 
stating that the Turkey Point hearings would not take up the matters 
raised by Paul Siegel. On April 27, 1967, provisional construction per¬ 
mits were issued to Florida Power & Light. Siegel filed exceptions. The 
AEC denied them, justifying its decision with the following legal and 
“practical” arguments: 
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Neither the Atomic Energy Act nor its legislative history suggest 
that hostile acts should be considered in the licensing process. 

The Commission has the responsibility for interpreting the Act’:, 
general standards, and it has not and does not consider the common 
defense and security and public health and safety standards to refer 
to enemy attack and sabotage. 

The protection of the United States against enemy acts is a respon 
sibility of the defense establishment. 

Designing reactors against the full range of the modem arsenal of 
weapons is not practicable. 

The risk of enemy attack is shared by the nation as a whole and 
Congress has not indicated that reactors are to be treated differently 
from other structures. 

Enemy attacks and sabotage are too speculative to warrant considera¬ 
tion. 

Examination of the probability of and protection against attack and 
sabotage would involve sensitive information. 

The fallacies in these arguments are so self-evident that they could 
be dismissed without comment were it not of the highest importance 
that every citizen understand unequivocally the consummate danger 
they represent to his life, health, and property. With the help of Paul 
Siegel’s superbly argued briefs, some of these contentions can be ex¬ 
amined more closely: 

Take the argument that “the protection of the United States against 
enemy acts is a responsibility of the defense establishment.” The De¬ 
partment of Defenses policy, as elaborated in its Directive #5160.54 
dated June 26, 1965, is “to develop and promote industrial defense, to 
encourage industry to protect its facilities from sabotage and other hos¬ 
tile or destructive acts, and to provide industrial management with 
advice and guidance concerning the application of physical security 
and preparedness measures.” In other words, the Defense Department 
is not specifically charged with protecting any industry from hostile 
acts, even an industry in which the explosion of a single conventional¬ 
sized bomb in a single installation could have effects as devastating as a 
multi-megaton atomic weapon. To make sure we understand this, 
part V-C of this DOD policy paper declares “The protection of prop¬ 
erty is an inherent responsibility of ownership. Accordingly, the De- 
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f.iiimcnt of Defense does not assume primary responsibility for the 
Llivrienl security of privately-owned facilities, federally-owned facilities 
„„ln the control of other Federal departments and agencies, or ta- 
tllii. . owned by any state or political subdivision of any state. . 

In short, neither the AEC nor the Department of Defense is willing 
, assume the responsibility for nuclear facility security, but both have 

I, I mi on the shoulders of private owners. (< , ,,, 

| he Commission argues that designing reactors against the tu 
.. () f the modern arsenal of weapons is simply not practicable. 1 aul 

Siegel replies: 

There is a continuum of potential missiles which might be aimed 
„l a reactor containment vessel, going from a spitball delivered y 
a pea-shooter to a roo-megaton nuclear warhead delivered by 
Intercontinental ballistic missile. It is ridiculous to say that because 
we might be unable to protect against the ultimate weapon on one 
end of this continuum, we need not protect against any form of 
enemy attack or sabotage. 

■novel might also have referred to a passage in the AEC’s 1962 Re¬ 
mit to the President on Civilian Nuclear Power stating: uc ear 

power could also improve our defense posture; . . • * e contermne 
,,.uired for safety reasons could, if desired be achieved at lit le tf any 
, Jra cost by underground installations, thus hardening the plants 
lust nuclear attack.” Why is it no longer “practicable” to build A- 
homt^proof plants underground, after the AEC’s 

mold be done at little or no extra cost? Why has not a smgle ^nen 
, commercial reactor been designed or built underground? Why has 
„oi the AEC steered, if not pushed, commercial utility companies 1 

''Thte^dozens of o.het equal!, forceful consideration, have no. 

,J,aM with .he AEC. On September .9, . 9 * 7 , 

11 clop ted its proposed amendments, making its position 1 i 

saSge and des.ruc.ive acts official. Paul Siege took £ Sgh. .0 the 
United States Court of Appeals. The Court upheld the A . 

The last word on the unreliability of the human element in nuclear 
power belongs to the renowned Dr. Edward Teller, who stated in an 
article published in i960: 

A single major mishap in a nuclear reactor could cause extreme 
damage, not because of the explosive force, but because of the radio 
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active contamination. So far we have been extremely h,, !, 
• • - But with the spread of industrialization, with the greater mm, 

nktef S1 T S m ?, ying ar ° Und With thin 8 s that they do not .. 

p a fo °‘ wai prove "> 


CHAPTER VII 


Near to the Madding Crowd 


I he Brookhaven Report, as we have seen, estimated the worst conse¬ 
quences of a major atomic plant accident to be 3400 deaths, 43,000 

I iistialties, and $7 billion worth of property damage, give or take a few 

I I undred tormented souls and a few million dollars in devastation. Con¬ 
ditions, however, have changed radically since the relatively horse-and- 
htiggy days of atomic technology in 1957, when the Report was issued. 
Today, mammoth reactors, containing many times the uranium in¬ 
ventory of this nation's first generation of power reactors, and located 
much closer to population centers than was envisioned in the 1950s, are 
being built or planned. But proposals to issue an updated Brookhaven 
Report, bringing casualty and damage figures into line with these 
vastly altered circumstances, have been mercilessly squashed by the 
nuclear power establishment, fearful of the dread such revelations 
might provoke. 

What would an updated Brookhaven Report look like? 

It is impossible, of course, to calculate accurately the damages re¬ 
sulting from an event for which there is no historical precedent, and 
it would only dignify the nonsense published in the original Brook- 
haven Report to attempt the same kind of statistical reckoning. But if 
we contrived a hypothetical reactor of a size and site similar to those 
that are being designed to go on line in the next decade, the reader 
might get some idea of the magnitude of the threat he will be con¬ 
fronted with tomorrow, if he is not already confronted with it today. 

Consider three fundamental plant features. 

The first is the size of the reactor. It is a well-known fact that the 
larger a power plant is, the more economical is its operation. That fact 
was familiar to the men who drew up the Brookhaven Report, who 
said: 44 . . . since all the cost analyses that have been performed on re¬ 
actors show that the cost per kilowatt-hour of electricity decreases wdth 
increase in reactor power, it is expected that the power level of future 
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reactors will tend to be large.” Nevertheless, the Brookhaven Rc,„„i 
postulated a plant of only 100,000 or 200,000 kilowatts. 

n July 10, 1968, the AEC released a report on the status of the II 
civilian nuclear power program. It stated that as of June 20 1068 . ■ 

kilm^r^" P an f ^ ° perable ’ bein 8 bui]t > or planned’ d a’tot.,1 
u o{ 7 ^> 939 , 7 oo. Fifteen of the 102 were already ope. , 

ble and their total capacity was 2,798,700 kilowatts-an average , 
186,000 kilowatts per plant, which falls roughly between the ,00 0c 

BrooX mm r m 3 R d f°’ 0 ,° 0 ‘ kil0Watt maximum hypothesized by ,J„ 
Brookhaven Report. But how large will future reactors be? } 

2 2 b Vi°oaalT Ci Z °TU he thhty -° ne P lants bein 8 built was to be 
2,501,000 kilowatts. That means an average of 725,800 kilowatts pc, 

la ' 8 “ ‘ h “ Br00kW “ ^ 
Forty-two m ore reactors in the planning stage averaged 832,000 kilo 

sTs'TiZS.f med but " ,h0 ” ieactors ordmd as *«■ 

Thus not counting the reactors now operable, the eighty-seven re¬ 
actors scheduled for the late 1960s and early seventies average 806 200 
kilowatts: four to eight times the capacity of the hypothetical reactor 
described in the Brookhaven Report. And of course, the bigger the 
generating capacity, the more atomic fuel is required. 

ut those are just averages. Some of the plants being built or sched¬ 
uled are 1,000,000 kilowatts or larger. Commonwealth Edison has 
applied for two units at Zion Station in Illinois that are 1,050 000 kilo- 

AfS ific * El ,f? c has ■w* f » • «*»*££££ 

Val,r aSS™ ’ l u m " be '■° fc ' 0O ° Tenner 

ey Authonty is building two units, and applying for a third in 

Decatur Alabama that will each be 1,065,000 kilowatts; and Coll" 

a e dison of New York has just announced intentions to build four 

units of 1,000,000 kilowatts each on an island just off New Rochelle in 

wZ 8 , Ster i Unty ~ f0Mr nUdear reaCt0rs ’ eacb with a capac- 

Repord thC lmaglnary machine described in the Brookhaven 

It might be innocently assumed that in order to build a 1,000000- 
kilowatt plant, you simply have to make everything ten times bigger 
than a 100,000-kilowatt plant. This is like saying that to build an air- 
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1 i me with a ten-thousand-mile range, you merely have to scale up ten 
mum , an airplane with a thousand-mile range. In reality, the ex- 

* illations from small systems to large are at the very least enormously 
• indicated, and sometimes they are impossible. A metal capable of 
Ml islanding the heat of a small reactor may not hold up under fire 

■11 11 large one; a valve that contains small-reactor pressures cannot 
imply be scaled up to accommodate big-reactor ones. The know-how 
Hijttircd to build plants 50, 100, 1000 per cent bigger than any built 
Mure amounts to an entire new technology. And because experience 
Willi 1,000,000-kilowatt reactors will be gained not from test projects 

• ird in remote regions, but from commercial operations only a few 
mill's lrom population centers, these plants must—we repeat—be re- 
1,uded as nothing more, and nothing less, than gigantic experiments. 

Aside from the obvious fact that bigger reactors use more fuel, and 
llincfore pose a bigger quantitative threat to the community, bigger 
1 ractors also make higher demands on safety features and the time 
margins in which they must operate to be effective. This fact was 
brought out in a statement to the Joint Committee on Atomic Energy 
nbmitted in 1967 by Dr. David Okrent, the 1966 chairman of the Ad¬ 
visory Committee on Reactor Safeguards, and Nunzio J. Palladino, the 
1067 ACRS chairman: 

Increases in power density lead to a reduction in the time available 
for initiation of emergency measures in the unlikely event of a 
large primary system rupture. The requirements placed on the emer¬ 
gency core cooling systems are more stringent for any size rupture. 
More precise knowledge is needed both about the course of events 
during the postulated accident and the damage limits that can be 
tolerated. This is so because less margin is available with which to 
handle unexpected events. 

Associated with the matter of making fuel cores bigger is that of 
making them more efficient, for naturally an increase in performance 
spells an increase in profits. But, as is usually the case, the profits are 
taken out of the box marked Safety . After describing technically how 
greater efficiency may be extracted from a fuel core, Thompson and 
Beckerley in their book on reactor safety state that “Pressures to in¬ 
crease core performance tend to force reactor designers to move closer 
to burnout conditions and to operate on narrower margins of safety 
as far as fuel is concerned. ... As the safety margins are narrowed, 
it may be necessary to devise improved in-core instrumentation or to 
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develop new means of burnout indication. To date efforts in this 

rave been limited; clearly, as performance has increased such ell 
become more and more necessary ” "creased, such clh..1 

they caused yadvt"’'^ “““ ™ y ** ">e foe, ,1. 
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erage po„e, core densities wonld be about 4 o Jcemhibtbt 

TV 4 saymg merely that many of the unresolved questions about d 
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a Mi li weighed nearly four tons. Just removing the fifty bolts from the 
I* m tor’s cover took a week. 

( Jbviously, it is not profitable to shut a plant down for four to six 

»< ks every 180 days, and therefore longer fuel cycles become highly 
•I* 1 r il>Ie—at least from the accountant’s viewpoint. Technologists have 
lIni'. managed to extend the fuel lifetime of reactors by three or more 
times the 180 days of the Brookhaven Report’s typical reactor. But while 
iIn*, is economically advantageous, it also means that the fission product 
Inventory in a big reactor will be proportionately greater, having had 
1 luce times as long to build up. Since there is more uranium in there 
in begin with, the total amount of radioactive poison in a modem nu- 
«I ear furnace, especially toward the end of its fuel cycle, is staggering. 
An accident occurring late in that cycle would, if poorly contained, 
pew far greater amounts of radioisotopes into the environment than 
nnc happening at the end of a smaller reactor’s cycle. 

By far the most significant distinction between yesterday’s reactor 
hikI tomorrow’s, however, lies in its distance from population centers. 

Until the atomic power program began, in the mid-1950s, moving 
away from the hypothetical and closer to the practical, few gave ex¬ 
cessive thought to the matter of how close reactors should be placed to 
population centers. The main thrust of the Government’s effort in the 
held was toward getting reactors built and operating at any cost, just 
In show potential investors that nuclear power worked. But as the 
1950s turned the comer into the 1960s, and the Government was able 
In demonstrate that its small experimental and demonstration reactors 
worked (more or less), the emphasis began to shift to answering the 
question: Do they work profitably? 

One of the reasons why the Government stammered when it tried 
In answer that one was that it knew that reactors built far from the 
electricity consumer are uneconomical. Because the costs of purchasing 
right of way on which to build transmission lines, and the costs of the 
Iransmission lines and supporting equipment themselves, are tremen¬ 
dous, long-distance power transmission adds both to the capital and op¬ 
erating expenses of a utility. One authority stated that the costs of rural 
transmission lines range between $50,000 and $150,000 per mile, ex¬ 
clusive of right of way. So there are powerful economic incentives to 
move reactors as close to major centers of electricity use as possible, and 
early in the 1960s industrialists and investors began to reach out for 
them. In the words of Clifford K. Beck, AEC’s Deputy Director of 
Regulation, speaking before the 1963 Annual Convention of the 
bederal Bar Association, 'competitive prices for electricity from nuclear 
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reactors began to come within smelling range' [around 1962] and 
efforts to eliminate unnecessary costs, e.g., long transmission lines and 
large reactor sites, increased.” 

But there was a slight conflict here, because in its 1962 Report t<» 
the President on Civilian Nuclear Power, a major policy statement, l lit 
AEC had declared: . . for safety reasons, prudence now dictau 

placing large reactors fairly far away from population centers.” 

Lucidly for the AEC, its major policy statements, when it comes to 
safety, do not have very much relevance to actual practice, for while 
it was preaching caution on the one hand, it was encouraging eco 
nomic expediency on the other, urging utilities to put up monstei 
sized reactors and not discouraging them from putting them up ncai 
population centers. 

In April 1962 the AEC formally adopted and published its guides 
to reactor site selection, guides which today are still in effect. These 
defined the estimate of upper limits of fission product releases, the 
containment capabilities of the facility, meteorological characteristics, 
and potential exposure doses permissible for any site. Of course, “per 
missible” suggests that these guidelines were enforceable. They were 
later to prove just suggestions, take 'em or leave 'em. 

As Beck pointed out, publication of the guides had a crystallizing ef¬ 
fect on siting philosophy. Designers and utility operators, who had 
been asking what they had to do to get their reactors profitably situ¬ 
ated near a population center, now interpreted the guidelines as con¬ 
crete instructions. "If we can build our containment structure to meet 
this guideline, and design an emergency cooling system to meet that 
one, then our plant will be safe at a distance of X miles from the city,” 
was the way they reasoned. The AEC's guidelines, which should have 
kept reactors out, had the opposite effect of attracting them to come 
in. Beck's exposition of this dynamic is worth repeating in depth: 

... a very great change has taken place in the concept of the maxi¬ 
mum credible accident. For many older reactors, the maximum 
credible accidents described were pretty far out in the realms of in¬ 
credibility, both in the opinions of the proposers and of the review¬ 
ers. The reactors were remotely located anyway, and even if this 
horrendous incredible accident created no tolerable hazards, then 
any credible situations, posing lesser hazards, would also be accepta¬ 
ble. Now the situation is different; there is an obvious (economic) 
reason for the upper limit of anticipated hazard to be as realistic as 
possible: assumptions that larger accidents might happen cost money . 
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I hr italics are most emphatically ours. 

It.. k went on to say: 

Accident experience to date has been very reassuring^ Every re- 

.. w hen it is finished and fully evaluated, is confidently ex 

,„ lt ,’d to operate throughout its lifetime without se n °us accidente 
lore is a firm basis for confidence in this expectation. But 
I "would not, and I doubt that many other people would, a J. the P^ s ' 
JZe of reactor development, depend on this expectation alone 
the reactor is located in the midst of people and the conse- 
• ^a mildgment could be so severe. We are not yet to the 
I h ii„t where dependence on the low probability of a serious acci 
!|.. nl alone can be taken as the only barrier against disaster. . . . 

And yet on December to, ^-only twenty days after the AEC’s 

Queen , s ' 

)f N Yorb’City’s five boroughs. In other words, a reactor squarely 
.uc of our little friend in the Brookhaven Report! 

it 1011 nd it, considering. af-nmic enercrv 

Why did the AEC hesitate? Because, as we have seen, atomic gy 

the heart of the matter, stating in its January 1963 issue ' 

By so doing, Con Ed clearly threw down the gauntlet on the bng- 

TZ't IhSe of iSSS “is^tpproved 
anddie plant built, Con Ed will have succeeded m making nuc eai 
power an entirely conventional, routinely accepted thing. 
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And, in its next month's issue: 

The process will be closely watched by the entire nuclear in.lu • 

' ’ ‘ ° r mic ear P owe r is to become commonplace and Rain 
equal footing with coal and oil power, it must gain acceptance I 
plant location close to or in large cities. 

Opposition to the plant was ferocious, and took on a somewhat • 

sational aspect when none less than David E. Lilienthal, the for. 

first head of the AEC, declared he "would not dream of living 

3 ! US ! nU . dear . Plant Were ,ocated there -” He was promptf. 
attacked for his head in the sand” attitude and, since he hadn’t bn „ 

associated with the Commission for thirteen years, for fuddy-duddy is,,, 
One newspaper ran an editorial saying "the generation' of nucl, „ 
power for civilian community use has passed the visionary and expo, 
mental stages and progress in the development of such powers should 
not be barred by merely uninformed emotionalism or antiquated fears 
And Con Eds chairman actually bragged, “We are confident thai , 
nuclear power plant can be built in Long Island City, or in Time 
Square for that matter, without hazard to our own employees working 
m the plant or to the community.” 

Just what processes worked to cause Con Ed to withdraw in January 
1964 cannot be clearly ascertained, but what they said in effect when 
they pulled out was “Well be back.” 

Con Ed’s test was both too sensational and too premature. But while 
Con Ed was licking its wounds, a number of other companies were 
more quietly setting up shop close to population centers around the 
United States, _ and by 1967 Dr. Beck would have to confess to the 
Joint Congressional Committee on Atomic Energy that “Connecticut 
.. P ,?’ Connecticut Power and Light Company, the Malibu loca 
tion the Rochester Gas and Electric and Con Edison No. 2 of New 
Yoik, and others and Niagara Mohawk have been approved with 

lower distances than our general guides would have indicated when 
they were approved. 

Remembering that the Brookhaven Report, published in 1957, placed 
15 hypothetical reactor thirty miles from a major city, let’s see just how 
close tomorrow s reactors will be to us. 

It is important to bear in mind a distinction between distance from 

? m l J ° r Clty , and £ dlstance fr0m a densely populated area. A reactor may 
be thirty miles from a major city, but only a few miles from a densely 
populated minor one, or a heavily settled suburb. It is more realistic. 
Cn> t0 ask Il0w far a reactor is from a population center , which is 
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Hi< inlly defined by the AEC as the nearest boundary of a densely 
1 "Ih 1 latcd area containing more than 25,000 residents. Thus, while 
4 1 vv York State's Indian Point units are officially some twenty-four 
, from New York City, they are actually one mile from a popula¬ 
tion centerl And the estimated population within ten miles of those 
I*lu 1 is is 155,510. It need only be recalled that the Brookhaven Re- 
I'Htf foresaw people being killed by a major radioactive release at dis- 
itin< rs up to fifteen miles to realize the significance of these figures. 

In a recent study of nuclear plant siting made by W. K. Davis and 
| I .. Robb of the Bechtel Corporation of San Francisco, the locations 
• I forty-two nuclear power plants were examined, the criterion being 
die distance between the reactor and the boundary of the nearest popu¬ 
lation center inhabited by more than 25,000 residents. Their conclu- 
n ms are flabbergasting. They found that only txvo plants in operation 
ui planned are more than thirty miles from a population center. Of 
the rest, fourteen are between twenty and twenty-seven miles away, 
lilieen between ten and sixteen miles, and eleven between one and 
nine miles. 

A May 15, 1968, U. S. Public Health Service paper provides a look 
m the population densities within ten miles of some reactors currently 
operating. The list is worth reproducing in full: 


Population Within 


Reactor 

Location 

10 Miles 

Browns Ferry 

Athens, Alabama 

22,040 

Brookwood 

Brookwood, New York 

27,48° 

1 )iesden 

Morris, Illinois 

22,600 

Diablo Canyon 

San Luis Obispo 

1,570 permanent 


County, California 

3,500 summer 

Fort Calhoun 

Blair, Nebraska 

24,270 

Ft. St. Vrain 

Weld County, Colorado 

8,384 

Indian Point 

Buchanan, New York 

155,5 10 

Millstone 

New London, Connecticut 

95,864 permanent 
118,000 summer 

Monticello 

Monticello, Minnesota 

9,712. 

Oconee 

Keewee Dam, South Carolina 

36,334 

Oyster Creek 

Lacey Township, New Jersey 

13,108 permanent 
64,200 summer 

Quad Cities 

Cordova, Illinois 

39,488 

Turkey Point 

Homestead, Florida 

4 2 >397 

Vermont Yankee 

Vernon, Vermont 

3 i ,°38 
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One siting case is of interest: the Burlington, New Jersey, stm 
proposed by Public Service Electric & Gas Company was ream I 
slated for relocation, the only case on recent record. Evidently ii vv i 
so flagrantly close to big population concentrations that the AEC final I \ 
drew the line. The Burlington plant was to be within one mile from 
some of the city's buildings, and the whole city would have been am 
tained within one and a half miles of the site. Population within i 
radius of two miles of the plant was estimated as reaching 27,263 l»\ 
1970, and, within a three-mile radius, 75,080 by 1970. The reactor w.i 
to have been eleven miles from Trenton in one direction, and seven 
teen miles from Philadelphia-Camden in the other. Significantly, on 
December 10, 1968, an earthquake whose shock center was tram I 
to Burlington County, Ne\v Jersey, jolted the Philadelphia area. 

The implications of these reckless siting policies are not difficult t<» 
imagine. A breeze just a few miles per hour higher than average, or ;m 
unpredicted shift in wind direction, might be all that is necessary to 
convert a local accident into widespread disaster. For example, though 
Bodega Head, California, is fifty miles up the coast from San Francisco, 
some twenty miles farther from a major population center than the 
distance hypothesized in the Brookhaven Report, an accident at the 
proposed Bodega Head power plant might have seriously affected San 
Francisco's population under weather conditions only slightly different 
from those postulated in the Report. The Bodega Head Association one 
day released fifteen hundred balloons from the reactor site, each car 
rying the message: “This balloon could represent a radioactive molecule 
of strontium 90 or iodine 131." Some landed in Marin County, 
Petaluma and Napa and a few in Richmond, all in the San Francisco 
Bay area. 

It was calculated that external doses of radiation to San Franciscans 
on the first day of exposure could be almost four times the yearly per 
missible dose, and within ninety days about twenty-five times the yearly 
permissible dose. Radiation levels of that intensity would, if Brook- 
haven Report criteria were applied, officially call for “probable destruc¬ 
tion of standing crops, restrictions on agriculture for the first year." 
That in some of the most valuable farm country in the United States. 

It is obvious that our Government has not addressed itself to the 
philosophical questions relating to nuclear plant siting and safety. 
Aside from the big question of putting mammoth reactors near great 
cities, a number of lesser but nonetheless crucial ones remain unex¬ 
plored. For example, it is a fact that population densities in most metro¬ 
politan areas are growing rapidly: How does one justify placing a 
reactor near a low-density area, knowing that its population will soon 
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.high density? Or: By what logical process does our Govem- 

mi conclude that it is “better” to risk destruction of a small rural 
of 10..000 people than a large city of 1,000,000? And: Would 
, , "minor” release of radioactive material into a highly populated 
.. as much harm as a major release occurring in a reactor 

,ii h farther away from the same city? 

Ilni even if we can set aside these moral questions as easily as our 
.t eminent seems to have done, the technological questions remain 
, insoluble today as they ever were. Testifying before the Joint 
l , unmittee on Atomic Energy in the spring of 1967, E>r. Clifford K. 

I , h AEC’s Deputy Director of Regulation, stated: 

The actual experience with reactors in general is still quite lim- 
l,cd and with large reactors of the type now being considered it 
K non-existent. Therefore, because there would be a large number 
„| people close by and because of lack of experience, ... it is a 
mailer of judgment and prudence at present to locate reactors where 
ili,' protection of distance will be present. [Emphasis ours.J 

llcck’s statement is mild compared to that made m the same hear- 
Inr. by Nunzio J. Palladino, chairman of the AEC s Advisory Com- 
nice on Reactor Safeguards for 1967, and Dr. David Okrent, the 
, huirman for 1966: 

the ACRS believes that placing large nuclear reactors close 
l„‘population centers will require considerable further improve¬ 
ments in safety, and that none of the large power reactors now un¬ 
der construction is considered suitable for location in metropolitan 
ureas . [Emphasis ours.] 

But these grave, grave doubts on the part of these highly placed 
nllicials no longer hold sway with a utility industry now strongly at- 
uaeted to the smell of profit. The giant reactors are going up every¬ 
where, and are going up just outside our city limits. 

|, i’s interesting to note that among the biggest of these is the 
4,000,000-kilowatt multiple-unit plant proposed by Con Echson for 
I );ivid’s Island, the present site of Fort Slocum. Four years be ore Co 
I'd’s 1968 announcement of the Fort Slocum scheme, tie u ty 
p.my had retreated from its Ravenswood, Queens, debacle warning it 

W On a 6 dear day, you can see Fort Slocum from the Empire State 
Building. 









































CHAPTER VIII 


Don’t Bother Running 


Considering what has been said so far, no one could be blamed I 
being seized with the impulse to flee. Unfortunately, even if ii n. 
possible to relocate out of range of all atomic installations planm 
for the next few decades—which is doubtful in itself—the puisim 
atom will eventually place even the remotest regions in jeopardy. I h. 
will be no place left to hide. 

By the 1970s, thousands of tons of nuclear fuel will be travel ■< 
by train, truck, ship, and plane to stoke reactor furnaces around il>- 
globe; giant reactors will propel naval and commercial ships ;ue 
the oceans and into ports a stones throw from the hearts of (L 
worlds great seaside metropolises; millions of gallons of seething r;u In¬ 
active poison will travel through or near our nations towns and citu 
on their way to underground storage sites. 

All of the problems, perils, and probabilities characterizing station 
ary nuclear facilities exist in ones that move around. In addition then 
are some unique to a mobile nuclear technology. That these will gro\ 
to monumental proportions is easy enough to visualize merely by taf 
ing some of the incidents that have already occurred and extrapolai 
ing them for an industry hundreds of times bigger tomorrow than 11 
is today. 

Massive efforts to power aircraft and land vehicles by means of nti 
clear reactors have not gotten past the experimental stage, thankful I \ 
For once, recognition of hazards seems to have been a controlling factor. 
From what weVe seen thus far, however, it obviously takes only a little 
economic incentive to blind the most sensible man to risk, and one 
suspects that as soon as someone develops a way to make nuclear nil 
and land propulsion economically feasible—or, to put it more accu 
rately, to make it appear economically feasible—caution will undoubt 
edly be thrown to the winds. 

Esquire magazines editors succumbed not long ago to such a siren 
song, presenting in the June 1968 issue a serious and ostensibly at 
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. nroposal for a “cruise ship of the air,” a nuclear-powered inter- 

.,1,1 dirigible combining the best features of jet airhner and 

.. ocean liner. The caption of a lavish, full-color illustration 

s | lip , moored above midtown of a thronging city, concludes 


I or the occasions when she does land, gliding down m perfect 
,1. „ without fuss, vibration or dirt, a mooring mast can be built 

,,!„■ heart of a city without disturbing anyone around. ... 

, h e possibilities of a nuclear airship are being seriously studied 

.. at Boston University’s Department of Aerospace Engineenj 

„„| in the Department of Defense, at Goodyear Aircraft General 
, I,, ,ric, and other centers here and in West Germany. When and 
,1 die is built, the nuclear airship will restore our right-thinking be¬ 
ll,., ,hat transportation can be for the comfort and convenience of 
l„„plc, instead of the other way about Look at her beauty lineage, 
L,| construction. Doesn’t the whole idea beat jet lag, not to men- 
Hon a tray on the lap? [Emphasis ours.] 

I he enthusiastic editors apparently forgo, the >«°» ol L*' 

Ithat dirigibles, like brainstorms, must prove they can get eft 

tlv rly down to earth. . . p 

I xperiments in nuclear jet and rocket propulsion, and m use of 
1 .it In .active fuel for generating electricity in satellites, are actively be- 
carried out today, but hopes for their success have 
, nh |ic attention far more thoroughly than concern for possible effec 
I,, their failure. In one experiment, a B-36 bomber was loaded unth a 
, „o-kilowatt reactor. Forty-seven three-hundred-mile flights 

Worth, Texas, and Roswell, New Mexico, were earned out. 

| he reactor was not used to power the plane, but just to fine ou 
things about radiation behavior under airborne conditions. 

A lot might have been learned about rad,ation behavior under crash 

.ditions too, but luckily no such thing occurred Later on, the 

11 ashes of nuclear weapons-bearing military aircraft m Spam and 
(' rccnland provided ample data to fill our information gap on the be- 
,„wior of radioactive material-and of humans-when nuclear pay loads 

1 'SSaed and ill-fated experiment occurred on April 21, 
,964, when the AEC “lost” 2.. pounds of plutonium 238desmhed£ 
« "fiendishly toxic” isotope, when a transit navigational sa 
,o go into orbit. The plutonium’s function was to run the satellites 
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electrical systems, but because someone forgot to throw a switch, il 
rocket went awry. For some time nobody knew quite where it I, 
gone. Some experts said the rocket had re-entered the atmosphere ,„.l 
burned up along with its nuclear pay load. But nobody actually saw il 
roctet re-enter, and, the Commission acknowledged, “anomalies" , 
sometimes occur in which metal parts reach the earth without bum,,, 
up. Ihe maximum permissible dose of plutonium 238 in the bodies 1 
atomic workers is two billionths of a gram. For all anyone knrv 
enough of the stuff to reverse the Afro-Asian population explosion w, 
mucking about the Eastern Hemisphere. Eventually, unusually stm.e 
traces of the element were detected in the upper atmosphere, indicam, 
that the pay load had indeed vaporized. Some scientists hailed the ,1, 
covery as a Good Thing because it afforded them an extraordina, v 
opportunity to track meteorological conditions. At the same tin,, 
humanity s radiation budget, already progressing toward exhaustion 
was reduced to the tune of 2.2 pounds of plutonium. 

While equipping of planes and cars with nuclear reactors is still 
thankfully low on man’s agenda for systematic self-destruction, lit, 
outfitting of ocean vessels with them is something else again. Her 
near-total disregard for the resources of the sea and the welfare of tin 

people on its shores presents a whole new dimension to the issues l„ 
tore us. 

Although military applications of nuclear material aren’t strictly 
germane to this book, a brief look at naval experience with atomi, 

reactors can shed much light on the dangers of a seaborne nuclei., 
technology. 

The special functions of warships demand special reactor consider;) 
tions, and these in turn present special problems, problems of contain 
ment and cooling, problems of radioactive waste control, and of course 
problems of shielding against military action. A power reactor opera) 
mg m a ship does not possess the margin of an exclusion distance, the 
sate zone between it and the personnel operating it. Therefore ade 
quate shielding of the containment vessel is a must. Yet excessive shield 
mg adds weight, a distinct disadvantage either in a merchant or a 
military vessel. Leakage rates of radioactivity must be severely re 
stricter!, yet because the structure is subject to movement, there will be 
difhcu ty maintaining tightness of joints, pipes, and cables. Ventilation 
control, especially in a nuclear submarine, is a most important matter, 
i he facts that naval reactors commonly use a more concentrated form 
o uranium fuel and that the cooling system functions by means of 
pressurized water present unique challenges to technologists. These 
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Im Is take on new significance when we consider the potential tally of 
vic tims should a serious reactor eruption occur in a large port city. 
Recognizing this threat, some foreign Governments have closed their 
lunbors to nuclear ships, or strongly protested their entry despite the 
most vigorous reassurances on the part of the Navy and AEC. 

These reassurances have been undercut, however, by alleged in- 
i.mces of radiation leaks by our nuclear ships anchored off the shores 
of host countries. In May 1968, for instance, Japan’s Premier Sato told 
1 he United States that, because of increased radioactivity measured in 
t lie waters of Sasebo Harbor during a visit of the Swordfish , a nuclear- 
powered sub, Japan could no longer permit American nuclear vessels 
lo call at her ports unless their safety was guaranteed. 

The fact that the radioactivity of this alleged discharge may have 
been low is utterly beside the point. Of far greater pertinence is the 
proximity of the reactor to a population center. For even if land re¬ 
actors were located at sensible distances from metropolises—if there 
is a sensible distance—the presence of a nuclear-fueled ship in a harbor 
1 cpresents a flagrant violation of every official siting guideline in exist¬ 
ence. It weans atomic reactors within, or virtually within , city limits . 

What can happen to a nuclear ship in harbor? A better question is, 
what cant happen to one? 

For one thing, the same design and workmanship errors that Admiral 
Kickover complained so bitterly about in congressional hearings could 
militate to cause a reactor explosion capable of breaching containment 
structures, releasing fission products into the water and air. 

Secondly, sabotage is not only a possibility for nuclear ships, it 
should be considered a likelihood, even if those ships are non-military. 
Not only are they strategic military targets, but an incident in a 
foreign port could have profoundly damaging effects on our political 
relations with the host country, its neighbors, and all other nations 
where our fleets cast their anchors. Many demonstrations and bloody 
protests, some anti-American and others anti-nuclear, have been aimed 
at our atomic submarines overseas, and one of these could result in an 
attempt to storm and wreck one of them dockside. Damage to safe¬ 
guards could conceivably bring about the very results feared by the 
demonstrators. 

A third possibility is human error. Manpower shortages in the Navy 
can lead to the same hazards mentioned in connection with land-based 
reactors. In 1963, according to a New York Times article by military 
expert Hanson W. Baldwin, “many officers aboard nuclear submarines 
were being forced to serve inordinately long’ tours of sea duty and 
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many were under great strain, because there was an insufficient nun. 
ber of qualified officers to relieve them.” Indeed, the nuclear submarine 
force had tnpled the number of personnel required. The Navy initiated 
an accelerated training program that year, but in March 1965 12.1 
naval officers out of 493 men specially selected for nuclear power train 
mg resigned from the Navy, or indicated their intention to resign 
when their hitches were up, threatening to plunge the nuclear fleet 
back mto manpower shortages that could one day open the sea valves 
to a flood of disastrous human error. 

It is even possible that hurricanes, typhoons, and earthquake-induced 
tidal waves could cause unexpected and unexpectedly severe damage 
to a nuclear vessel in port. By a weird irony, in the very same week that 
Japanese reporters screamed “Yankee, go home!” at American experts 
investigating allegations of the Swordfish radiation leak, Japan’s big¬ 
gest earthquake since 1923 shook a six-hundred-mile stretch of sea- 
board, touching off tidal waves and causing widespread damage. 

Nuclear vessels can also suffer damage on the high seas, of course. 
At first glance such damage would appear to threaten only the crew 
but a reactor-driven ship partially immobilized by mishap or enemy 
action would be an extremely hazardous proposition to bring into port 
for a nuclear runaway in progress in the ship’s bowels could fulminate 
just as the vessel came within range of population concentrations. 

the ship sank, damaged fuel elements would release dangerous 
radioactive contaminants among shellfish, food fish, and other marine 
fife on which man directly or indirectly depends, to say nothing of 

ecology 86netlC CffeCtS the mdiatl0n would have on marine biology and 

The ships of our nuclear fleet are heavily safeguarded and armored, 
but they are by no means indestructible in this age of superweapons. 
Even setting aside the question of damages sustained in warfare, how¬ 
ever, there is sufficient record of damages sustained in non-combat 

helZTJl ^ P c ° tential inV6St0rS in c °mmercial nuclear ships 

two nn 1 e3St “I 3 moments - O n October 13, 1965, for example, 
wo nuclear-powered subs, the Sargo and the Barh, collided off Oahu 

Hawa„ ; while on submerged maneuvers. There were fortunately no 
casualties and only superficial damage. Still, if two nuclear subs could 
bump into each other with all that ocean to navigate in . . . 

With respect to the merchant fleet, the annual reports issued by the 
Liverpool Underwriters Association, a leading British insurance group, 
a e hat every third merchant ship in service in any year will suffer 
some sort of disabling event. According to the z 9 6 5 edit^n oTffs 
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urvey, for example, 8317 out of 24,028 merchant ships of five hundred 
ions or more throughout the world suffered collisions, weather damage, 
'handing, fires, explosions, damage to machinery, and contact damage 
in 1964—34.6 per cent of the total. This figure was up 1.4 per cent 
horn the previous year, 2.4 per cent from i960. And these statistics 
don't even include the 117 vessels listed as totally lost that year. 

What is the status of our nuclear merchant marine? At present the 
only American nuclear-propelled merchant ship in existence is the 
Savannah, belonging to First Atomic Ship Transport, Inc., a wholly 
owned subsidiary of American Export Isbrandtsen Lines. Shippers 
everywhere had watched the Savannah's performance carefully in the 
hope that it would fulfill its promise of high efficiency and low cost, 
but early in 1967 it was announced that the streamlined beauty would 
he retired: It just wasn't pulling down a profit. 

In addition to the technical difficulties of staffing the Savannah with 
highly trained crew members—and note how this problem comes up in 
sector after sector of the nuclear industry—the company's management 
had been plagued with heavy liability expenses. A lot of countries had 
simply forbidden the Savannah entry until it was indemnified against 
serious nuclear mishap. And that meant a guarantee of up to five hun¬ 
dred million dollars per country. 

Despite its poor showing, many of America's mercantile hopes were 
riding on the Savannah, and its retirement was no sooner announced 
than a large number of shipping men, labor leaders, members of Con¬ 
gress, and other public figures assaulted the decision. On June 13, 
1967, the Maritime Agency reversed its stand, allowing the vessel one 
year's reprieve. Borne on the momentum of its victory, this coalition 
began pushing for a major national effort toward the creation of a 
nuclear merchant fleet. 

How competitive it would be depended on how much backing the 
Government, and thus the taxpayer, could be expected to put up. In the 
autumn of 1967, Senator Warren G. Magnuson introduced a bill in 
Congress providing for a three-billion-dollar crash program of merchant 
shipbuilding over a five-year period. The measure called for a nuclear 
ship program that would afford sufficient Federal assistance to make it 
possible for qualified operators to buy a nuclear ship at the price of a 
conventional vessel. 

At this writing the legislation is still pending; heavy budget cuts 
have taken their toll of many such developmental programs. But the 
bills may also be stalled because Congress is growing a bit tired of 
subsidizing so many aspects of the nuclear industry. Perhaps nuclear 
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ships will have to pay their own way without benefit of subsidy. II .<• 
we can expect the same response that we have seen in the utility fie ld 
Cut corners on safeguards. 

This very argument was put forward on November 18, 1967, l>v 
George L. West, Jr., professor of marine and nuclear engineering ;ii 
the University of Michigan, and Lieutenant E. J. Roland of the Co;r.i 
Guard, at the annual meeting of the Society of Naval Architects and 
Marine Engineers. These gentlemen suggested that “by simply doing 
away” with many of the present design and operational safety requiir 
ments, “many of the first cost items, such as containment and filtration 
systems, warning and backup systems could be eliminated.” Their paper 
also suggested that many safety requirements be liberalized in tin* 
areas of pressure suppression, pressure venting, and low-pressure con 
tainments. 

The most interesting response to these suggestions came from the 
Savannah itself. One week after West and Roland advanced their 
moneysaving proposal, the ship had to be brought back to its Hoboken 
pier after its instruments indicated a possible leak in the ship’s second 
ary cooling system. Whether there really was a leak, or whether one of 
the gauges was out of kilter, is a matter of conjecture. But the incidenl 
did seem to be telling us something about secondary safeguard systems. 

There is no doubt that our merchant marine needs a shot in the arm. 
Whether it is desirable that this “shot” be administered by nuclear re¬ 
actors is another matter. A nuclear fleet can be made competitive and 
economical if the taxpayer supports it with heavy insurance coverage 
and the high cost of safeguards; it can also be made competitive with¬ 
out taxpayer help if some of the safeguards are dropped and insurance 
premiums skimped. It cannot, however, be made economical and safe 
without something giving somewhere. 

Even if the shipping lobby fails to get a nuclear merchant fleet 
launched, there will nevertheless be plenty of radioactive material on 
the high seas. It can take a number of forms: Partially refined uranium 
will be shipped to the United States by foreign countries for enrich¬ 
ment in gaseous diffusion plants; the enriched fuel will go back to the 
countries of origin for use in reactors; irradiated fuel will be shipped 
here for reprocessing; reprocessed fuel will be shipped back for reuse 
in reactors; and of course, importation and exportation of radioisotopes 
for a wide variety of purposes will be a thriving form of trade. 

Actually, shipping of nuclear material is already a respectably sized 
business. As of mid-1967, the AEC had distributed abroad through 
sale, lease, and deferred payment special nuclear and other materials 
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. .lined at approximately $266.4 million, bringing in revenues of $r 7 i 
million. Much of this was uranium 235-more than 10,000 kilograms 
I || or about 10 metric tons. In February 1966 President Johnson 
, IU rt ,o S ed the allocation of enriched uranium for distribution abroad to 
, >00 kilograms-about 270 tons. In 1967 legislation was enacted to 

unit the AEC to transfer to the European Atomic Energy Commu- 
nilv tooo kilograms of plutonium in addition to the 500 kilograms pre- 

.sly authorized, and 145,000 kilograms of U-235 in addition to the 

v ,oo kilograms previously authorized. This stuff will have to cross 

ucr to get to Europe, obviously. . , 

I he United States was also vigorously pursuing business in the area 
..I enrichment of foreign fuel, and reprocessing. So there will be lots 
of international comings and goings of radioactive material m the next 
lew decades, with the odds that one ship out of three bearing it will be 
disabled—and one out of two hundred won’t survive at all Forty-four 
major American ports have been cleared for receipt of irradiated fuels 
()f course, not all nuclear material will be going abroad by sea. Some 
„| it will go in planes, as it already does domestically and internation¬ 
ally under AEC, International Commerce Commission and Federa 
Aviation Agency regulations. On July 12, r 9 66, the ICC issued a re- 
vision of its regulations providing rules for shipping fissile mate 
„ routine commodity in transportation, including air transportation. 

I | U . AEC’s handbook of Federal regulations applying to transportation 
of radioactive materials contains stringent guidelines for s T™ en S ’ 

I ,0 Goodman reported to a public health luncheon that: One official 
in ICC told me that though apparently adequate standards were c 
lished for the transportation of radioactive materials, the stall of the 
ICC had been advised to ‘play ball’ with AEC and not be too tough 
with the application of the standards and regulations. 

So much for stringent guidelines. Those who find it disturbing that 
our airlanes are supersaturated, and the skies over our cmes; mobb 
with planes, can now rest even less easily with the knowledge that some 
(>f those aircraft may be bearing radioactive material. 

Upsetting as these pictures of radioactivity in the air and on th 
sea may be, they form only two panels in our triptych of recklessnes 
callousness, and ineptitude. The thi.d and center panel, fea.unng slnp- 
ments bv land, is a compelling study of human madness meriting 
pari son with the most tormented productions of Hieronymus Bosch. 

Before gazing upon it, a bit of background is necessary. 

One of the fundamental rationales of atomic power is the cheapness 
of fuel transportation. Proponents of atomic power point out that a 
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tremendous percentage of the cost of conventionally generated clc 

“?* Pa ' d „ by ,he ° W “ '° ,hc ex P ense °f bringing “l ! 

and gas b, tram Melt, boat, or pipeline to the utility. But because'. 

ton of urnntum delivers as much energy as about slventeen ZuZ 
tons of coal, uranium shipping charges are an inconsequential ft, 

aHhe Jr- n f Tin,e and ,8ai ° °” »’h statemcn 

Series " pX 7 V” C 0ffidal " Feb ™ a 'f ' p68 b*« an 

rn .r H P b P Associatlon gathering: “The relatively mint,, 
cost of transportation of nuclear fuel provides greater Hexibilitv in ,1 

o°C n d°t 8eneratin8 PkntS and thu$ influences decisions with respcc. 
to long-distance transmission.” 1 

Apart from the current trend for conventionally fueled utilities t„ 
construct power plants directly on mine and refinery sites wherevn 
s>si e, us sharply reducing fuel transportation costs the AEC’s 

into S a P ccount n * gr ° SSly misleadin g in ^ that it fails to tala' 

an^Fr^p’ does l tiavel a]1 °ver the place. In Atomic Fuel 

AEG information pamphlet, a section endearingly entitled “Tin- 

SpSlmT T ™ us that , w the ht hi: 

parated from the ore dross, it is ready to travel and travel it dm . 
or example, material mined and milled in Utah may be refined m 

inCaEf’ ennched , m Kentuck y> converted in Pennsylvania, fabricated 
essedt Nlw YoS * P °" tt Massach ^tts, and reproc- 

verted, ut^d lIpptl'bacK Tc 

^wi'st: P :tdt e ^ ,em hi8het and ** *• —* 

shilS r r nti0n iS made 0f **“ en0rmous ex P ens c involved in 
of wb R he f UgC f antities of radioactive waste to storage sites some 

wesTl C f Eft C3 ? d : n t ° f thousand S 

ZZ t con a m fb Uti itieS - Spedal COntainers must be fabri¬ 

cated to contain this supremely toxic liquid against the contingencies 

of mmspoimuou, and olhe, spedal p,ecu,ions token 

eventful del,veg, to the caldrons in „hich i, is ,o i s.„“i 

for centuries. Ritchie Calder, in Living with the Au,,n stated Iri 

re 3t° n °fhigh-level and extremely dangerous radioactive wastes 
requrred trips of over two million miles annually-and that Jas .n 

on the h4 UmUSed m 3 : 137 ^ ye3r 2 °°°’ the amount of fission products 
on the highways will be 980,000,000 curies, “a mighty lot of curies to 
be roaming around a populated country!” 
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Finally, when atomic power proponents talk about cheap transporta¬ 
tion, little mention is ever made of the fact that much of the savings 
generated is due to die absence or inadequacy of insurance coverage. 
A recent study made by the Southern Interstate Nuclear Board found 
three major obstacles currently affecting transportation of radioactive 
materials. As reported in an AEC Division of Industrial Participation 
book, these obstacles are: 

(1) the refusal of the eastern railroads to transport fissile materials 
as common carriers; (2) the lack of satisfactory nuclear indemnifica¬ 
tion for movements on the high seas and by means of air transport; 
and (3) the lack of indemnification which, in the view of bridge, 
tunnel and turnpike authorities, would enable them to offer the use 
of their facilities as applied to other types of cargo. 

Thus, the w^ay to keep transport costs down is by not buying in¬ 
surance. In the AEC publication just referred to, one may read: “Air 
transportation of radioactive materials has frequently been the only 
solution to shipping cold nuclear fuels [meaning uranium sealed in 
metal tubes] and radioactive materials overseas because of the difficulty 
in obtaining indemnification for steamship sendee.” Another passage 
informs us that it cost about $2.50 and $3.00 per kilogram respectively 
to transport irradiated fuel from the Yankee and Dresden power plants 
to the Nuclear Fuel Services reprocessing facility at West Valley, New 
York. These prices included cask rental, but “Insurance was not re¬ 
quired in these instances.” The NFS facility is where used fuel is 
divested of its intensely radioactive fission products. Thus violently 
lethal material traveled on public thoroughfares to New York from 
Illinois and Massachusetts totally without indemnification. 

It is estimated that the annual transportation charges associated with 
nuclear plants alone may reach fifty to eighty million dollars in the 
nuclear economy projected for the late 1970s. That’s a lot of money, but 
it wouldn’t begin to cover the cost of damages, say, if a truck bearing 
irradiated waste products turned over, breaking the seals on the casks 
inside and spilling its cargo into a city’s water supply. 

If that seems an unlikely possibility, a glimpse of transportation mis¬ 
haps in the nuclear field may give skeptics pause. 

For anyone with a sense of black humor, the AEC’s annual supple¬ 
ments to its Summary of Industrial Accidents have more entertainment 
value than the annual special edition of Variety. A typical harvest of 
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transportation accidents involving release of radioactive material 
reaped from the 1963-64 supplement, includes: 

rnboy 8 S , ’/ 1 , MOni r’“° Bmna ' ed li,)Ui<J lcaW f '°"> ■ Rl»- 

several T* " r ™ ic S ‘ 0pper) and ... 

everal trailers, truck terminals, a number of packages of other m u 

mis and several persons handling the materials. . . The 13-gallo,, 

fnd S „D” 2 IV", l '“' He was marked ",I,i, 

end up, so that during transit the carboy would remain upriela 
However, the presence „( paltes 0 „ the box apparently suglted o 

paUeR, which allowed the material to leak slowly from the contain,, 
and die wooden box. CThe carboy was si Jounded o„““ 1 

55 ca ' 80 at • -° f ™ 

bolts became loosened on two drums (lying on their sides) and'd ’ 

toescaTe'fromoier 118 4 £° ttles " ontai ™g 93 % enriched uranium 
to escape trom one drum. (Kansas City, Missouri) 

During railroad yard switching operation, a railroad car door broke 

Part oflh tW ° mS ’ c COntainin 8 °-947 enriched uranium, fell out 
Part of the contents of one of the drums spilled. The entire shil^ 
constituted 251 drums. (Madison, Illinois) shipment 

Upon arrival at destination, an autoclave housed in a lined shipping 
l b ,d1 C ° mamin>Kd ™“' >b. sut Ja, , 

ibtjck. ccht^jrr a,,d ,h “ -* « - * - of 

d °* t0 \° f , theSe ’ * he su Pp)ement described a large number of acci¬ 
dents m which no radioactivity releases occurred. Such as: 

Truck transporting fuel elements involved in accident with private 


car. 
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I 1 actor-trailer carrying interplant shipment of radioactive materials 

lipped over when forced off road by oncoming traffic. 

I rain derailed. Coach carrying radioactive materials remained 

upright. 

I 1 uck transporting radioactive material jackknifed. 

I i uck carrying radioactive materials slid into ditch. 

I he fact that no releases occurred in these accidents is certainly no 
«■ u ranee that they will not occur in the future. All it means is that 

• Car, accidents involving radioactive material in transit have not been 

• rere enough. But the laws of averages are working against the 
liippers. In April 1968, for example, it was announced by the Na¬ 
tional Transportation Safety Board that the number of train accidents 
IimI increased from 4149 in 1961 to 7089 in 1967—a zooming rise of 

1 per cent. Of the total number of accidents in 1966, 4447 were de- 
1 ailments and 1552 were collisions. In a letter to the Federal Railroad 
\i I ministration, the Board's chairman, Joseph J. O’Connell, Jr., stated 
ilia! in the future the accident rate might get worse because of higher 

• pecds, longer and heavier trains, and the increased hauling of hazard¬ 
ous materials. Nor have we considered sabotage. The aforementioned 

• hipment of 251 drums of highly enriched uranium, two of which 
lolled out of their railroad car, would have made a compelling target 
for the saboteur's bomb. 

Considering the enormous annual increase in nuclear industry 
activities, there is a reasonably good chance that one day in the 1970s 
a truck or railroad car containing radioactive material will be blown 
sky-high, or will dump its cargo in the midst of a town or city popula¬ 
tion, or in a drinking or sewage water system. 

The inadvertent or intentional cracking open of casks containing 
nuclear material is just one eventuality we can expect if we permit the 
peacetime atom to come of age in the 1970s. Another is the loss or theft 
of such material. Yes, it can be lost. And yes, it has been stolen! Leo 
Goodman, who has fought a courageous battle to keep tabs on, and 
publicize, the misadventures of the atomic industry, stated in a 1967 
speech that his tabulations showed eighty-eight capsules of radioactive 
fuel lost or stolen up to then. 

An instance of loss in 1966 received wide coverage in the news¬ 
papers. A one-inch-long cylinder containing three hundred milligrams 
of radium was lost in a shipment between Fort Worth, Texas, and 
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I h : C , ,b V^ h “ d b “" POOH, packed, 

r?d*' t tF 8 “^w^ c s^4^, i «siy ,l v 

**?- a sp i "J' es "“” for the United States Public Health Sen, 

so hard '■ 

potential routes and'*,' 

15 ghstr. 1 : ,& d years ;• ™'" hare 2st 

fashion. ‘ ° nd C3PSU C W3S mis P laced in much the .. 

Sometimes lost radioactive material is found. In March 106-0 a |;„i 

MerT"ctvlr'd ESPind0lai Playi " 8 in 3 M ™ dump ou'tsidc , 
Mexico City, found a container and managed to pry it open hr, 

tamed seven pellets of radioactive cobalt apparently fost I ' 1 
engineer some time earlier Thr ™ . d Pparenu y lost by a nuclei., 

Espindola house as decoration On A* ^ tept around t,]r 

a xr ,au8h - c ™ ,tey d ° ”*»**■« 
zz ss,i a , p “; t' ^ by 

atonric bomb clfw b„”h ^o^th b' “ *° *”**■ " A " 

article explained “hnt . e n ^ t mat erials, of course/' the 

inc“,siM “ t'b. a, ° m,c . sc '“ tte «! that as these materials gain 
deed e!L 1 opportunities for stealing them will multiply I„. 

be sharply increased 1 j by 97 ° these shl Pments will 

of nuclear materialfo* *? ea * oa ? ^nsatlantic air shipments 
already are frequent.” Ur ° PeS Urge ° nln 8 nuclear power industry 

The panel surmised that these shipments could attract criminal 
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II ionizations that might divert the enriched uranium or plutonium. 

III c once secret information needed to build nuclear bombs was un- 
• liissilied years ago, and the Journal quoted Theodore Taylor, a nuclear 
1-bvsicist who headed the Defense Department's atomic bomb design 
>nid testing program for seven years, as saying, “I've been worried about 
I iow easy it is to build bombs ever since I built my first one." 

Whether the matter is as simple as Taylor suggests is open to ques- 
linn, for the problems of handling, fuel separation, etc. are probably 
beyond the financial or technical means of any criminal syndicate, and 
undoubtedly beyond those of an individual criminal, revolutionary, or 
lunatic. They are not, however, beyond those of a nation, and the 
possibility that some countries could build—if they have not already 
built—secret installations for the purpose of producing atomic weapons 
from “diverted" material has been raised by reliable observers. 

In any event, the Journal mentioned two incidents that had made a 
vivid impression on the members of the AEC-appointed panel. In one, 
two workers at a London plant stole twenty fuel element rods contain¬ 
ing enriched uranium, dropping them over a fence for a pickup. The 
plot was discovered before the fuel elements were removed from the 
site. 

In the second incident, a plant that makes fuel elements, reviewing 
its inventory, discovered that more than ioo kilograms of enriched 
uranium, totaling about 6 per cent of the amount handled by the com¬ 
pany over a six-year period, was missing. “At first," the account ex¬ 
plains, “it appeared conceivable that the missing material had been 
diverted into bomb production somewhere. After a long hunt at the 
plant, however, a fraction of the material was found. The AEC then 
assumed that the rest was lost in normal processing—blown out vents, 
tracked out on shoes or buried as scrap." Delmar L. Crowson, director 
of the AEC Office of Safeguards and Material Management, stated 
that “We have no reason to believe the material got away from the 
plant," but some Federal officials, the Journal stated, were not quite as 
sanguine as Crowson. 

There is no fully effective means of policing the peaceful atomic 
activities of our own or foreign nations. Indeed, the New York World 
Journal Tribune of April 16, 1967, pointed out that “Nuclear reactors 
are sprouting so fast all over the world that it is almost impossible for 
the International Atomic Energy Agency to keep an accurate census of 
what is being built and what is planned." Thus the projected prolifera¬ 
tion of civilian nuclear power plants presents mankind with the bitter¬ 
est irony imaginable. For it may well turn out that the atomic weapon 
































118 


PERILS OF THE PEACEFUL ATOM 


that triggers the next and final world war will be fashioned from 
fissionable material “diverted" from a power plant dedicated to 
innocent purpose of producing electricity. 

Advocates of Atoms for Peace have much to diink about. 


CHAPTER IX 


We Interrupt This Broadcast... 


"We interrupt this broadcast . . /’—words guaranteed to accelerate the 
pulse and stay the breath. Fingers go to lips and conversation dies 
rapidly. Everyone leans forward and listens apprehensively, condi- 
tioned to expect bad news. 

At first, the announcer’s words leave his audience more puzzled than 
anything else: "An explosion occurred one hour ago at the nuclear 
power plant north of this city. Radiological experts are now considering 
I he extent of damage, but city officials have been informed that evacua- 
lion of the surrounding area may have to be undertaken due to the 
possibility of radioactive contamination.” 

His next statement, however, would undoubtedly send hearts racing 
with terror: "A nuclear physicist interviewed by this station reports 
that under certain weather conditions, an area as large as a hundred 
miles in diameter could be affected, raising the possibility that the 
entire population of this city, as well as those of all communities within 
fifty miles of the reactor site . . .’’ 

Then, inevitably, the words: "Residents of this area are advised to 
remain calm and stay tuned to this station for further bulletins.” 

Are you prepared for this announcement? Is your community? Your 
city hospitals and health services? Your civil defense? Your state or 
Federal government? From all indications, the answer is No: This sit¬ 
uation would catch every sector of the public unprepared. 

Clearly, no plan can be devised to cope, or even begin to cope, with 
a disaster of this magnitude. Indeed, it is practically impossible merely 
to contemplate the consequences. Perhaps, however, the most effective 
way to illustrate our unpreparedness for a major accident of this type 
is to describe the inadequacy of preparations for accidents of far more 
modest dimensions. 

The Atomic Energy Commission’s literature presents a reassuring 
picture of a program for radiological emergencies. Plans to be used by 
personnel at nuclear facilities are considered before operating licenses 
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are issued; such plans usually include procedures for notifying an, 

nearest AEcT 11 7 * “ffi ^ P ° lke ’ state health Petals, and tin 
nea est AEC operations office. AEC compliance inspectors visiting ,l„ 

The Com C y r ViCW th£ ade<IUaCy ° f tHeSe planS and P«*eduivs 
ical A^?t miSS1 °p, ° “f” 131115 emer 8 enc y ‘earns under its Radioing 
cal Assistance Plan, and may call on other Federal agencies for sun 
plementary action if necessary. 

ties^over^ T^f the Co “°n has all possibili 

ulZZ ’ ^ WhGn S ° me Vkal »• 

™: d C rr SSi0n ’ S Radi0l0§iCaI Assistance Program is organized to 
spond to an emergency anywhere in the United States, but it is 

067 the IT 3nd T Pment ' BetWeen ]ul y and December 
967, the Program received 715 requests for assistance, of which 468 

involved radioactive material. F. Raymond Zinta, Radiological Assist 

ance Coordinator of the AEC's Division of Operational ' Satoy 

mission j 35 " quite diversified - The Atomic Energy Com 

mission has responded to requests for assistance in incidents rangim- 

of buiWnL ,a , i0aCti " e matedals t0 the actuaI contamination 

of buildings, public roads, railroads and other property.” Certainly 

.he atomic power program soars projected heights i„ ^ 

with r win d ' of i " cidenB can ix: 10 

contingencies? ^ e “' 8 “ C >’ *“ ** * “ >-* »« 

.JfT™”” “ Cide "' J Wl0ne 1 ““ “Bering challenges. At a 
963 symposium on radiation accidents and emergencies, it was 

the U AEC’ Ut f 3 - f 223 requests for radiological assistance handled by 

celt 1 T 6mergenCy t6amS b6tween ^ and 1963, 4 o per 

totad Ihf ,“TT ion incid<aK ' Yet few s,a,e ot ,ocal 

A lart crmlt T 'c”’ ' nst,umen ‘ s - or “™l»e to handle them. 

7 ^ C 0i P° lce > Bremen, medical emergency personnel and 

bystanders could easily be fatally exposed before a^yoL^ame 

Of he presence of harmful radiation. “Take a transportation accident 

paneltf “Sr Tl I ? C ° mfield somewfl ere,” said one of the 

panelists. The nearest hospital has got to have some sort of preparation 

for taking care of this. It may be unlikely to happen, but still Lay l 

know several radium installations not too far from here where I'm sure 

there wts^a ^ 1 f 8 ** prep,annin g for what would happen if 
e.e was a spread of contamination.” Another participant in the 

symposium sm.cd flatlyr "The emergencies the, can and do «c”, « 
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mute within our transportation systems necessitate broader planning 
nnd more elaborate preparation by the responsible state agencies.” 

"Action initiated by trained state police officers prior to the arrival 
of a radiological emergency team,” the same panelist went on to say, 
"could very well transform a potential tragedy into a minor accident.” 
11 is unsettling to contemplate the converse of that statement. 

Obviously, the Radiological Assistance Program is not an adequate 
substitute for the local competency required in atomic emergencies. 
Ilccognizing this fact, the AEC has done what it can to encourage 
slates and major cities to provide local orientation training and emer¬ 
gency teams which could be available within minutes. But as Donald 
R. Chadwick, then chief of the Division of Radiological Health, 
pointed out in a speech prepared for a seminar on the Protection of 
llie Public in the Event of Radiation Accidents held in Geneva Novem¬ 
ber 18-22, 1963: "Currently over half the states provide emergency 
team assistance and about one-third provide orientation training to 
ancillary personnel” such as police and firemen. 

The situation has scarcely improved since Dr. Chadwick spoke in 
1963. According to the latest figures available from the U. S. Public 
I lealth Service, thirty-five State Health Departments, plus the cities of 
New York and Philadelphia, and Puerto Rico, the Virgin Islands, and 
the District of Columbia, have Radiological Emergency Protection 
Plans. Fifteen states, then, almost one third of the total, are without 
such plans; only two major cities and the District of Columbia have 
them; and coundess communities across the nation, where reactors will 
be sited or trains and trucks laden with "hot” material will be routed, 
will have little if any formal plan for the contingency of a nuclear 
incident. 

With regard to the number of states providing orientation training 
for police and firemen, the AEC and Office of Civil Defense have 
stated they do not have such information and hence couldn’t update 
Dr. Chadwick’s statement that about "one third” of the states provide 
training of this nature. Clearly, neither local officials nor local police 
and fire departments are prepared to handle even small nuclear plant 
accidents and nuclear transportation accidents. 

But if police and firemen, who are usually first on the scene of any 
accident, are unprepared to deal with a radiation emergency, the sit¬ 
uation with regard to hospitals is even more deplorable, and it has not 
significantly changed since Dr. George LeRoy asserted in 1963: "I 
would guess that major installations such as the big power reactors or 
large processing plants are unlikely to have in their vicinity hospitals 
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with people who already have knowledge about the care needed in 
radiation accidents/’ 

Dr. LeRoy went on to say, “I can imagine nothing but sheer con 
fusion created by taking a person to the nearest hospital without it*, 
having any prior information and asking them on an ad hoc basis to 
develop a plan for dealing with a radiation accident/’ Just how 
prophetically accurate his words were was demonstrated the following 
year when Robert Peabody, whose case we mentioned earlier, died 
when he unwittingly poured radioactive material into a container im¬ 
properly shaped to hold it, and the material exploded. Leo Goodman’s 
description of the events that followed is an object lesson in comnni 
nity unpreparedness: 

As the radioactive liquid had splattered over his body, he ran out 
of the plant screaming but had enough presence of mind to disrobe 
as he approached the plant gate, prancing around because of the 
effects of the radioactive liquid on his body. There were no facilities 
to meet his immediate medical needs until a volunteer ambulance 
from Westerly, Rhode Island, could be called and have time to drive 
to the plant. . . . 

The ambulance driver logically drove to the nearest hospital. On 
arrival, he advised the admitting officer of the nature of the patient’s 
illness. The hospital refused to admit the patient. Only after tele¬ 
phone communication was the decision made as to where the patient 
should be taken for possible treatment. . . . 

After an extensive automobile ride to Providence, Rhode Island, 
the patient, Mr. Peabody, was admitted to the Rhode Island Hospital 
in Providence. A fellow worker named Spencer rode with the driver, 
and both received extensive contamination from radioactivity on the 
patient’s body. No facilities for transporting radioactive patients were 
available. The medical reports regarding the following 45 hours . . . 
state that “Dr. Karas and others did the decontamination without 
gloves and had considerable difficulty cleaning themselves later.” 

In brief, there were no medical facilities near the United Nuclear 
plant to meet the needs, of victims of such occurrences; no medical 
program had been devised to handle accidents in an area where atomic 
industry is rapidly developing; nor had the state prepared its medical 
personnel for treatment of radioactively contaminated patients. 

Similar failures have been reported in the western states. Dr. 
George L. Voelz, assistant director for health services at AEC’s Idaho 
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11,K-rations Office, has told of a dismaying lack of radiological knowl 
„ HC displayed by eighty hospital administrators, X-ray technicians an 
■ mi igency-room nurses who attended a one-day seminar on problems 
..I ijuliocontamination: 

We concluded that there is a very serious need for radiation ac- 
, ident information among this type of hospital personnel. I thougt 
that it had been widely disseminated by literature but there were 
lew people among this type of hospital personnel who knew that a 
radiation emergency plan existed. For example if they had been 
laced with a transportation accident involving radioactive substances 
with a truck or with an airplane crash, of those eighty people on y 
(our would have known that the U. S. Atomic Energy Commission 
has emergency plans and that the hospitals could get help from 

them. 

We have seen ample evidence of how strongly the AEC promotes the 
construction and operation of nuclear pow-er plants all over the cou 
liy. How much attention is this same agency, which has been entrus 
hv the Atomic Energy Acts with the health and safety of the public 
, he area of atomic power, giving to preparation of state personnel 

The AEC’s Annual Report to Congress for 1967 devotes all of four 
paragraphs to the matter headed "Training for State Personnel. The 
lust of the four declares that “Adequate numbers of well-trained a 
experienced personnel are one of the most important factors in a State 
radiation program. The AEC, therefore, provides State 
technical training in radiation protection and onentationintheAECs 
regulatory practices and procedures.” What follows this build-up, how- 
ever, is a big letdown: 

Twelve people from nine States participated in the annual 10- 
week course in health physics and radiation protection given by Oak 
Ridge Associated Uoivetsities CORAU). In addittotn a 3. week 
course in applied health physics was presented by ORAU in the 
spring for 12 other persons from nine States. This couise provir 
practical experience for students with theoretical training bu 

limited experience in health physics. 

Two orientation courses in AEC regulatory practices an proc 

dures were attended by 22 persons from 16 States. 

A special i-week course in the regulatory and health physics 


















































124 


PERILS OF THE PEACEFUL ATOM 


aspects of nuclear medicine was given at the University of FI,,,, 
Gainesville, for State personnel in the southeastern United Sin, 
with 19 persons from seven states participating. 
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I'l.ins may be made, however, for the sorting and reception of a hun- 
dird or so victims, 30 percent of whom may be contaminated.” 

It is doubtful, then, that even with much broader training programs, 
wr will ever be able to prepare for radiation accidents involving several 
hundred victims, much less for one involving injury to thousands, tens 
nl thousands, or hundreds of thousands. Nevertheless it is imperative 
tlint the public and its legislative representatives recognize that the cur- 
irnt programs of the AEC and the U. S. Public Health Service hold 
little promise against the possible harm in an accident of any serious 
m ale. 

One of the biggest problems that would arise in the case of such an 
accident is that of decontamination. Unless medical personnel were 
completely informed and trained, plentiful equipment at the ready, and 
a well-thought-out plan drawn up and impressed on the minds of regu¬ 
lar hospital staff and volunteers, the initial catastrophe could be 
multiplied by hysteria and gross confusion as non-irradiated individuals 
did their best to avoid being contaminated by victims rushing to them 
lor aid. 

It should be noted that people may be injured by radiation without 
ac tually contacting radioactive material or debris. Radiation sickness is 
not contagious; one person cannot “catch it” from another. On the 
other hand, when the victim has been directly exposed to fallout—very 
small particles of radioactive material attached to dust and other matter 
suspended in the air—the victim himself, along with his clothing, is a 
“carrier,” capable of irradiating other persons. Clothing must be re¬ 
moved and decontaminated, and the victim washed down to remove 
radioactive dust from all skin surfaces, otherwise he can expose count¬ 
less other people. 

The complications are many and difficult to overcome. For instance, 
referring to the room to which victims are originally taken, Dr. 
Landauer observed: 

If the room is connected with a general air conditioning system 
means must be provided for a “disconnect” to prevent the dissemina¬ 
tion of radioactive material throughout the hospital. It is important 
always to remember to “contain” radioactive material, not to spread 
it. This applies to the decontamination team personnel as well. These 
people should not leave the area without first ascertaining that they 
themselves are not contaminated. There have been several instances 
of physicians spreading radioactivity all over a hospital and even 
into their homes. 
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Another fearful complication arises when one considers the 
it is" Me for tHe b ° dieS ° f contarrunated Persons. For wl„l, 
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As H. M. Parker and J. W. Healy pointed out several years ago: 

Contamination of bodies of water will occur both by direct fall,,,,, 
and by secondary leaching of the materials into the streams Direr 
fallout could render bodies of water reasonably close to the're , 

unfit for use until the material is carried away. . ^ ' 

The possibility of rainout into a stream near the reactor site 
with severe contamination resulting, depending upon the rate of 
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l»lii.ilion. However, even this “uncontaminated” water might not be 
nilirely safe, since it could still produce considerable long-term 
biological damage, particularly from radioactive iodine. 

11 must also be remembered that in the event of a major reactor ac- 
..I* mi, hospitals and clinics in the area might themselves be severely 
Humiliated and require evacuation. 

In fact, a moments thought produces the realization that scores of 
imidumental questions remain unassessed. For instance, what if the 

• < idrnt occurs late at night, catching most of the public asleep? Some 

• immunities might be able to resort to air-raid sirens and the like to 

• Ini citizens, but is there any assurance that that measure would be 
ul m, or that its meaning would be comprehended? How many cities 
I him* established evacuation routes for civil or military emergencies, to 
I’M*vent the rampant hysteria that would quickly develop when mobs 
i Mind into main arteries? Without organization and discipline, a 
i micky citizenry could inflict dreadful injury on itself even if con- 
urn ination hazard was not present. 

What would be the reaction of surrounding communities to the 
I •inspect of countless numbers of fleeing, and possibly contaminated, 
Individuals? It has been pointed out, for example, that during the 
plague that struck London in 1665, surrounding towns padlocked water 
wi lls, closed shops, and posted armed guards on the roads from the 
uiy to bar fleeing refugees. And in the 1950s, when fear of nuclear 
war ran highest in this country, it was common to hear talk of means 
nl repelling survivors from affected areas, slaying them in self-defense 
hi in protection of food, medical supplies, etc. 

Another possibility unconsidered is that people living near other 
nuclear reactors—and of course there will scarcely be a population con- 
t nitration in this country not within reach of radiation releases—may 
very well become infected with panic, creating disorders throughout 
die land. Operators of other power plants might become jumpy and 
detonate yet other accidents, a possibility which many psychologists, 
examining the mysterious clusters of accidents occurring from time to 
time such as airplane crashes, believe to have a substantial basis in 
human behavior. Our Government might have to call for a temporary 
shutdown of all atomic plants—especially if there is suspicion of 
sabotage— pending investigation or until the first wave of panic sub¬ 
sides. In an age when one fourth or one half of our electricity will be 
generated by nuclear energy, as has been forecast, what effects would 
ihcse massive shutdowns have on the economy and the public welfare? 
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The fact that this country's fire, police, medical, and government i 
personnel are inadequately prepared for a reactor plant or mid* 
transportation accident of any magnitude, and its citizenry utter I \ . 
the dark about even the most elementary do's and don't's in protect i 
of self and property, in recognition or detection of radioactive mi, 
tamination, in medical or evacuation procedure, is one of the m.- • 
reprehensible aspects of the atomic power program. And it explain 
why it is so difficult for the average person to get any informali. n 
about what to do if there is a serious incident. To illustrate this on. 
need only try to get some information from the local Civil Defen*» 
office on procedure in such an event. 

An acquaintance of one of the authors, for instance, called New 
York City's Civil Defense Office and asked what she should do il > 
serious nuclear plant accident occurred. She was told to “stay when 
you are.” Assuming this instruction meant for her to hold on while tin 
clerk checked with a superior for further directions, the caller waiud 
Some time later, another clerk picked up the phone and asked: “Am 
you waiting for something?” The lady explained she'd been told in 
stay where she was. The clerk's response nearly floored her: “Well, 
those are the instructions: Stay where you are.” 

Even conceding that this meant to remain in place until furthci 
instructions could be broadcast to the public, it hardly answers the 
question. “Where she was” could have been a phone booth. 

The authors fared no better. In response to our call to the Civil 
Defense Disaster Control Office in New York City, we were told: ‘‘II 
anything like that happened, the AEC would step in.” 

Someone wishing literature on the subject will be astonished to learn 
that no booklet clearly outlining the first essential steps to take in ;i 
reactor emergency has ever, to our knowledge, been published. Oik* 
little-known booklet, “Radiological Emergency Procedures for the Non 
Specialist”, was published in 1964 by the AEC, but it largely concerned 
itself with transportation accidents and provided instructions to those* 
first “on the scene.” It did not attempt to inform the public on funda 
mental steps to be taken should an accident, major or minor, or even 
a “scare,” occur at a nuclear plant a short distance away. 

In fact, a recent—March 1968—booklet prepared by the Office of 
Civil Defense, “In Time of Emergency: A Citizen's Handbook on 
Nuclear Attack, Natural Disasters,” omits all mention of peacetime 
nuclear emergencies, even though such emergencies have occurred a 
number of times in recent years and are far more probable than a 
nuclear attack. Remember that the AEC, between July 1958 and Dc 
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,067, received an average of six requests a month for assistance 
.. K h its Radiological Assistance Program, an average of four 

.,,1!. involving radioactive material. . . 

i, unduly cynical to wonder whether these incredible omissions 
effective ways of evading questions the public would otherwise have 
, long ago about the wisdom of our atomic power program? And 
; .iZb, » suggest that the fits, instructions <*==» ,ev„ ■ = 

.. what to do in a reactor emergency may begin with 

tiling words:"'We interrupt this broadcast. . . i 









































CHAPTER X 


The i housand-Year Curse 


“How fortunate it is that our discovery of radiation is paralleled In < m 
knowledge of its deleterious effects. . . . Otherwise, ignorance ol il> 
consequences of irradiating man might induce great recklessness.’ I In 
passage is taken from Radiation by Professors Jack Schubert and Hal|«li 
E. Lapp. 

There is scarcely anything in our histories to reassure us that mm 
is capable of conducting himself wisely in the presence of know n 
lethal hazards. Indeed, in their own book, Schubert and Lapp porh.n 
instance after instance of human carelessness with radioactive emiti< i 
despite the abundance of well-documented dangers. One can only a 
sume that when they wrote that poignantly wishful passage, they wen 
desperately hoping that in the future man would have learned enouvli 
to proceed with greater caution in coping with the unprecedented 
hazards of radiation. 

Thus far this book has dealt with the possibilities and potential con 
sequences of disasters at reactor and other atomic facilities or in transit 
It must be recognized, however, that even if such massive emission 
could somehow be prevented, our population will be exposed to i 
sharply increasing amount of radiation which the Government and 
atomic power industry foresee as the unavoidable by-product of tomoi 
row's peacetime atomic activities. Disturbingly, these emissions arc 
labeled “planned releases." Furthermore, stored in fragile and unsafe 
tanks will be hundreds of millions of gallons of savagely toxic nuclcai 
waste material, seething with many times the amount of radiation 
necessary to destroy all life on earth. The technology for neutralizin' 
this radiation is unknown and, even to the best scientific minds, 
practically unimaginable; the technology for safely disposing of it r 
scarcely well enough advanced to make a difference in the cruci.il 
decades ahead; and the technology for merely containing it is so 
studded with unknowns and hazards as to make it utterly unreliable. 

Despite all preventive efforts, future atomic facilities will be re 
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,° f ! h “ e ab °*“ a h “"" 'l~d «,„« escape ,,,, 
year, Caider stated. He continued: 

ni( 3! lt ' re ar t t the , P , IUt ° ni T factories - ^ese release into the envi. 

ent something hke a million curies a year, in the form of low-ln. 
wastes. . The uranium mills seem to be releasing about i 
curies of radium per year into the rivers of the United States 
here are also the fuel reprocessing plants. There are the rad,, 
isotopes which are being distributed all over the world for resea,, I, 

Uo? r!T rV nd f n mCdiCal treatment - These are under 

safetv of ib 19 / Z reP , reS6nt 10 milli0n curies - The absolu., 

Sin! ST 56 ?r UP ° n 6 res P onsi hility and training of th„ , 

rimot ib dlGm i arG St ° red “ ™P enetra hle vessels but son,, 

times they get loose. ... 

The final tally ma* by Cal** gtonp wa s m os, d.sqnMng, 

dea™ by Jll ,h “ P fA* ™ ries whicb mi « ht P«*ctably I. 

,T, ty ! lhosc pcace,ul in» the environment, it a . 

to about 13 million curies per annum.” 

Odder went on to say, as if to belittle this figure, that several thou 

intacrof ^e fT^ ^ T™- had been released int ° the ^osplu-,, 

T J 7 n ! .f yearS ° f 3CtlVe teSting of nuclear weapons prior 
962. but that assertion not only does little to comfort us, it actually 

tionlnT" SharPer anXiedeS ’ /° r k me3nS that the unnatural radia 
tion m our environment was already extremely high by the time peace 

unc uses of nuclear power began releasing radioactivity. 

e thirteen-million-curie annual “planned release” figure included 

fX . ’ which currently is not a serious consider, 

tion and can be discounted. On the other hand, the audit did no, 

mms ia wb h reaCt ° r accidents; it did not include experimental pro 
gmmsm which some radiation inevitably would be released, such as 
the Plowshare program of AEC-conducted explosions exploring the 

PotentiaTa^'rr 87 ^ k didnot iM ' 

potential accidents involving transportation, on land, on sea, and in the 

dve l,r 7 mat ? aIS ; k did not assess the contribution of radioac¬ 
tive fallout due to bomb testing, testing which still is carried out to 

day by non-signatories of the Nuclear Test Ban Treaty. And it did no/ 
niclude possible escape of stored high-level radioactive wastes, the im¬ 
plications of which were awesome to contemplate: “. . . what kept 
nagging us, Calder said, “was the question of waste disposal and of 
he remaining radioactivity which must not get loose. We were told that 
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' dangerous waste, which is kept in storage, amounted to 10,000 mil- 
I...M nudes. If you want to play ‘the numbers game’ as an irresponsible 

,, iso, you could divide this by the population of the world and 
,.. I that it is over 3 curies for every individual.” 

1 1 responsible or not, Calder’s “numbers game” gives a clear indica- 
, n <»l' how much lethally radioactive material must be contained with¬ 
in mishap; just as important, it indicates the impressive amount of 
, .1, II, (activity that is being and will be released under so-called “con- 
,.,,1 |od” conditions even if no mishap should occur—a most dubious 
I 1' • I m >si tion. 

\ detailed look at the ways in which the environment is contami- 
M iicd by normal functioning of nuclear power plants and related fa- 
t (lilies is enlightening. 

In a typical reactor, as we have seen, the concentration of uranium 
I ini in the core produces intense heat to convert water into steam, 
which in turn powers electricity-producing turbines. 

/\l the same time that the uranium is generating heat energy, how- 
• vn, it is generating another form of energy, radioactivity, the emis- 
Jon of rays such as beta, gamma, and X rays. The radioactivity has a 
number of negative effects on the material inside the reactor. One of 
llu se is swelling, warping, or destruction of the metal tubes containing 
1 be uranium. Another is irradiation of the reactor components. Trace 
Impurities in the metal cladding of the fuel tubes, for instance, or in 
1 lie coolant, become radioactive, and once they do they interfere with 
ihc efficient energy production of the uranium. After a while, the 
.iccu mutation of these “fission products” makes it impossible to keep the 
1 c.tctor running economically. Also, the neutron bombardment of fer¬ 
tile U-238 by fissionable U-235 is creating plutonium, and it is desira¬ 
ble to separate that plutonium from time to time and utilize it as 
weapon or commercial fuel material. 

Thus because some fuel tubes may be damaged, and because the 
uranium fuel has become contaminated by fission products, and be- 
< a use it is desirable to recover the plutonium by-product, the fuel in 
the reactors core must be replaced periodically. It is interesting to note 
that replacement occurs when only a tiny fraction of the fuel has been 
burned up. 

The intensely radioactive spent fuel elements are removed from the 
reactor and stored under water for several months to allow some of 
the radioactivity to die down. Then they are loaded into heavily 
shielded casks and shipped to a fuel reprocessing plant. There, by means 
uf remote control equipment, the metal cladding is stripped from the 
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fuel, the fuel dissolved in acid, and the acid solution subjected to ,1 
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reprocessing of the fuel used in reactors. Until i 9 66 the task of ,v 

processing spent fuel was strictly a Government affair, having mostly U, 
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• I" with plutonium for defense purposes. The small volume of civilian 
h processing business did not justify the existence of a commercial re- 
pioccssing plant. But it is predicted that by 1980 there will be over 
1 lure thousand tons per year of spent fuel to be reprocessed, and by 
I lie* year 2000 that figure will jump ten times, to thirty thousand tons. 

In anticipation of the vast increase in nuclear pow 7 er in the 1970s, 
W. 11. Grace & Co. and American Machine & Foundry Company formed 
.hi 80-20 partnership to erect the world's first commercial fuel reprocess¬ 
ing plant, sited about thirty miles south of Buffalo, New York. This 
ilmty-two-million-dollar Nuclear Fuel Services, Inc., plant has a capac- 
lly of 1000 kilograms of fuel a day, about a quarter of a ton, and has 
1111 arrangement with the New York State Atomic Research and De¬ 
velopment Authority for related radioactive waste storage facilities. 

In December 1966, Nucleonics , a nuclear industry journal, chirped: 

The worlds first commercial fuel-reprocessing plant handled its 
initial 100 tons of spent fuel in a smooth and routine fashion—a 
remarkable accomplishment for a facility relying largely on remote 
operation. 

One group that became interested in this plant was the Rochester 
('ommittee for Scientific Information, particularly its Radioactive Pollu- 
lion Subcommittee headed by Dr. George Berg and Dr. E. Grant Pike. 

I 'he RCSI was worried that NFS Inc. was exceeding the official guide¬ 
lines for effluent radioactivity established by the state and Federal gov¬ 
ern men ts. 

The Subcommittee arranged for one Wayne Harris to collect water 
samples from Buttermilk Creek below the NFS plant. Buttermilk Creek 
is a tributary of Cattaraugus Creek, which forms a reservoir at Spring- 
ville, then continues on to Lake Erie. 

The group had the samples analyzed, and on February 24 and 28, 
1968, tire RCSI published its findings. We mention here only those 
for strontium 90, the long-lived bone-seeking isotope, though other iso¬ 
topes were reported on as well. 

The maximum limit of soluble strontium 90 allowed by New York 
State and Federal law is three hundred picocuries per liter. 

On December 16, 1967, the Committee and the New York Health 
and Safety Laboratory of the U. S. Atomic Energy Commission, meas¬ 
uring the amount of strontium 90 at the NFS sewage outlet, found a 
concentration of 86,900 picocuries per liter. This would amount to 
some 290 times the legal limit. The amount of strontium 90 measured 
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• In , nnd eight thousand into the Atlantic, contained in very much 
iliiin perpetual metal casks. In 1959 Herbert Parker, manager of 
1 1 inford Laboratories of the AEC, told the Congressional Joint 
' m in it tee on Atomic Energy that some three billion gallons of inter- 
li.iir level wastes had been admitted to the ground at Hanford. 

I lie most common practice, however, is to store the concentrates in 
1 it 1 * steel tanks shielded by earth and concrete. This method has been 
mi ployed for some twenty years, and over seventy-five million gallons 
I waste is now in storage in some two hundred tanks. This “liquor” 

• • iterates so much heat it boils by itself for years. 

Most of the inventory in these caldrons is waste from weapons pro- 
'lucfion, but as we approach the year 2000 the accumulation from 
•inincrcial nuclear power will accelerate sharply. An article in the 
December 1959 issue of Nuclear Information stated that “If nuclear 
r'wer grows in the United States at the rate now predicted, we shall 

I hive accumulated 6 billion curies of strontium-90 by the end of this 

• - in m y. That's 30 times as much strontium-90 as would be released by 
die nuclear war envisioned by the May 1959 Congressional hearings 
"it nuclear war. . . . The significance of the expected amount of 

imntium-90 in radioactive wastes in the year 2000—6 billion curies 
1 .m he judged from the fact that the absorption of less than one curie 

• 'I slrontium-90 is lethal to a human being.” 

And that's just one isotope, strontium 90. Tens of billions of curies 

• •I radioactivity from other elements, some of which remain lethal for 
lliousands of years, will have accumulated as well. Dr. Donald R. Chad¬ 
wick, chief of the Division of Radiological Health of the U. S. Public 

II calth Service, estimated in 1963 that the accumulated volume of 
ilicse wastes would come to two billion gallons in 1995. 

It is not just the volume that fills one with apprehension, but the 
ugly disposition of this material. David Lilienthal put his finger on the 
crux of the matter when he stated: 

These huge quantities of radioactive wastes must somehow be re¬ 
moved from the reactors, must—without mishap—be put into contain¬ 
ers that will never rupture; then these vast quantities of poisonous 
stuff must be moved either to a burial ground or to reprocessing 
and concentration plants, handled again, and disposed of, by burial 
or otherwise, with a risk of human error at every step. 

It cannot be stressed strongly enough that we are not discussing days, 
months, or even a few years. We are talking about periods “longer,” 
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hum hundreds and hundreds of years to come. It is beyond belief that 
lb in burden of centuries can be borne without some collapses. The in- 

• lividual tanks require elaborate supporting facilities. Special cooling 

• I I'.uatus is needed, itself subject to heavy contamination. Special 
l•limps are needed to recirculate the waste to prevent ferocious surges 
■I boiling. Switching and access equipment is needed to direct or divert 
I low from one tank to another. 

furthermore, these so-called “tank farms” are vulnerable to natural 
1 atastrophes such as earthquakes, and to man-made ones such as sabo- 
liige or plain human error. And what about the long-term legal and 
financial responsibilities? In 1959 the Joint Committee on Atomic 
I nergy of the U. S. Congress, examining industrial radioactive waste 
disposal, predicted a capital ouday of two hundred million dollars for 
llicse atomic sepulchers, plus six million dollars a year to maintain 
I hem. Cannot private companies fail, or Government administrations 
wilhdraw support for a program? 

One needn’t look into a crystal ball for a glimpse of what could hap¬ 
pen if someone failed to hold up his end of the bargain in the matter 
of waste maintenance; it has already happened. On February 2, 1967, 
(he St. Louis Post-Dispatch reported that a mining company had de¬ 
faulted on an AEC loan to buy some 100,000 tons of uranium ore resi¬ 
due located on a field in Missouri’s St. Louis County. It therefore 
became necessary to put the stuff up for auction— repeat, put it up 
lor auction! It was picked up by a loan corporation and was still wait¬ 
ing for someone with sufficient financial backing to take it over and 
reprocess it. Title to 100,000 tons of radioactive waste—kicking around 
like a pawnshop ticket! 

Efforts are of course being made for the effective handling of the 
waste problem. The most promising proposal would reduce the wastes 
to solid form, enclose them in concrete or glassy material, and store the 
blocks in abandoned salt mines proved to have no access to under¬ 
ground water systems. But while this is nice in theory, many technologi¬ 
cal barriers remain before the problem is licked. It is easy for AEC 
Commissioner Wilfred Johnson to toss off: “The Commission is now 
looking at the challenge of long-term waste management and I am 
certain we will have effective means in hand to meet it well in ad¬ 
vance of the need.” But his optimism has no basis in solid fact. 

Meanwhile, millions and millions of gallons boil furiously inside 
their frail tanks, tanks whose seams groan under strains metal was 
never meant to bear, and men go on building power plants to feed 
ever more of this corrosive ichor into its nuclear garbage dumps. 
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Industrial waste is not peculiar to the nuclear industry. It is a pin 
nomenon of every major industrial process. But the waste of the mi 
clear industry is unique in three ways. It cannot be disposed of in 
any conventional sense of the term. Its toxicity is not immediately ap 
parent to human senses. And finally, the longevity of certain w;r.i<- 
isotopes poses storage and disposal problems unparalleled in industrial 
history. 

These unique circumstances place intolerable burdens on Govern 
ment regulatory agencies and on the individuals in private industry 
whose task it is to supervise the waste management operations; and 
the load they place on future generations is unmitigatedly cruel. Joel 
A. Snow, writing in Scientist and Citizen, put it well when he wrote, 
“Over periods of hundreds of years it is impossible to ensure that so 
ciety will remain responsive to the problems created by the legacy of 
nuclear waste which we have left behind.” 

“Legacy” is one way of stating it, but “curse” seems far more ap¬ 
propriate, for at the very least we are saddling our children with the 
perpetual custodianship of our atomic refuse. But it could be much, 
much worse than that, as we may be dooming them to any of a galaxy 
of horrors should the frail reservoirs we are building today release 
their virulent stew tomorrow. 

We have little time left to reflect on our alternatives, for the time 
must soon come when no reversal will be possible. Dr. L. P. Hatch of 
Brookhaven National Laboratory vividly made this point when he 
told the Joint Committee on Atomic Energy: 

... If we were to go on for 50 years in the atomic power industry, 
and find that we had reached an impasse, that we had been doing 
the wrong thing with the wastes and we would like to reconsider the 
disposal methods, it would be entirely too late, because the problem 
would exist and nothing could be done to change that fact for the 
next, say, 600 or a thousand years. 

To which might be added the following paralyzing thought stated 
by Dr. David Price of the U. S. Public Health Service: 

We all live under the haunting fear that something may corrupt 
the environment to the point where man joins the dinosaurs as an 
obsolete form of life. And what makes these thoughts all the more 
disturbing is the knowledge that our fate could perhaps be sealed 
twenty or more years before the development of symptoms. 
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CHAPTER XI 


The Waters Ignited 


Early in 1963, shortly after the nuclear power station at Indian Pninl, 
New York, began operation, an unusually large number of crows lx 
gan concentrating at a refuse dump near the plant. Curious sportsmen 
investigating the phenomenon were astounded to find that the crow 
had been attracted by dead striped bass—tens of thousands of them. 
“They were piled,” according to one observer, “to a depth of several 
feet. They covered an area encompassing more than a city lot.” 

What grim fate had befallen these fish? And who had carried them 
to the dump to rot as crow fodder? 

Following their noses to a dock on the Hudson River, just below the 
power station, the sportsmen learned the answer to the first question. 
The dock was located at the shoreline where heated water, which had 
been used to cool the plants atomic reactor, w T as being discharged back 
into the river. Beneath the dock was a ghastly scene: Countless dead 
and dying fish floated on their sides, their eyes bulging. 

The stripers apparently had been attracted by the hot water flow 
around the discharge pipe, then became trapped within the wharf and 
water intake structures at the plant. Further inquiry revealed that Con¬ 
solidated Edison, which operated the Indian Point facility, was using 
two trucks to haul the dead fish to the dump. 

The Great Indian Point Fish Kill, as that grisly episode has been 
called, is a nauseating but by no means atypical example of the devas¬ 
tating effects of what has come to be called thermal pollution. To rec¬ 
ognize heat as a form of water pollution may require a bit of mental 
exercise, since we normally associate pollution with dirt and other visi¬ 
ble contaminants. But if we define a pollutant as any factor whose in¬ 
troduction into the environment is detrimental or ruinous, then heat 
can surely be included in the growing list. For it was heat that drew 
those striped bass to the dock, and the hairsplitting explanation by 
one Con Edison official that the fish “were not injured by warm water— 
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i' hi electrical generating capacityAs a result, nuclear-powered sta- 

* I 1 Mr. require up to 40 per cent more water to cool their apparatus than 

* I" ilieir fossil-fueled counterparts—as much as half a million gallons 
I water per minute . 

I he deluge is pumped back into its source at temperatures as high 

* 115 degrees, and has been known to heat the entire river to a tem¬ 
pt -ia!ure of 95 degrees as far as five miles downstream! What is more, 
(In- %(ream of hot water remains separate from the stream of surround¬ 
ing cooler water, so that a utility wishing to prove that no serious 
ilirrmal pollution had been created could measure the cooler part of the 
liver. 

There is one way to combat thermal pollution, and that is by means 
«»l “cooling towers” designed to lower the temperature of the water 
emerging from reactors before it is returned to its source. Since these 
* <»•.( millions of dollars, however, utilities seek to avoid adding them to 
ilieir facilities. The AEC does not require them as standard equipment. 

Scientists estimate that by 1980 the plants producing the nation’s 
rlcctric power will require some two hundred billion gallons of water 
per day, nearly all of it for cooling purposes. As noted in the January- 
Tchruary 1968 issue of the Sport Fishing Institute Bulletin, “This 
11 mount of water compares to an annual nationwide runoff totalling 
1,200 billion gallons per day. In other words, a quantity of coolant 
equivalent to one-sixth of the total amount of available fresh water 
will be necessary for cooling the steam-electric power-producing plants . 
More ominously, during the two thirds of the year when flood flows 
ure generally lacking, about half the total fresh-water runoff will be 
required for [steam-electric station] cooling purposes at inland loca¬ 
tions. On certain heavily populated and industrialized northeastern 
l I.S. watersheds, moreover, 100 percent of available flows may be passed 
through the various power-generating stations within the watersheds 
during low-flow periods.” [Emphasis ours.] 

And that takes us up only to 1980. 

What has the Atomic Energy Commission done to check the thermal 
destruction of our streams and estuaries? Its most vigorous action has 
been a monumental shoulder-shrug, disowning any regulatory respon¬ 
sibility in this area whatsoever. The AEC contends that the problem 
falls within the authority and jurisdiction of state agencies, so that it is 
“unnecessary, and therefore undesirable, to involve the AEC. . . .” 
Some officials have euphemistically termed the temperature effects of 
reactor discharges “thermal enrichment,” and AEC Commissioner 
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James T. Ramey told a congressional hearing in 1967 that “One poim 
of view says it improves the fishing.” 

If the AEC, then, thinks it “unnecessary” and “undesirable” to , i 
involved in the question, what about the Department of the Interim 
Might not its Fish and Wildlife Service bear the burden of respond 
bility? Interior seems to pass the hot potato back to the AEC. F01 1 
while it looked as if someone at last was going to take the job on, lm 
in April 1966 Interior wrote the AEC entreating it to join in resol vim 
their differences and settling on a mutually agreeable policy in (In 
near future. Strangely, however, when Representative John D. Dinprll 
of Michigan submitted legislation that year authorizing the Depaii 
ment of the Interior to make a study of the effects of thermal pollution 
on fish and wildlife, Interior said no. Instead, it joined the AEC in 
supporting legislation delegating all authority concerning non-radiologi 
cal aspects of power plant operation to yet another agency, the Federal 
Power Commission. 

Thus the issue floats on an increasingly polluted no mans sea lying, 
apparently, beyond the jurisdiction of any one Government entity. In 
February 1968 the Senate Subcommittee on Air and Water Pollution 
held a series of meetings to determine whether new legislation was 
needed to regulate thermal pollution by nuclear power plants. Chaii 
man Edmund S. Muskie of Maine found that while “Nuclear powci 
plants are licensed by a Federal agency, and, therefore, can and should 
be expected to conform with applicable water quality standards and 
a concept of water quality enhancement,” things just weren’t working, 
out that way. In fact, Muskie went so far as to declare that often the 
activities of Federal agencies “actually condone pollution rather than 
encouraging water quality enhancement.” 

Muskie may have had in mind a forceful move made by the AEC 
just a few months earlier. That move was reported in the December 
7, 1967, issue of National Coal Policy Conference Newsletter: 

At a time when increasing concern is being expressed in and 0111 
of Congress over thermal pollution of the Nation’s rivers and lakes 
by nuclear power plants, the Atomic Energy Commission is propos 
ing to adopt new rules which would have the effect of barring testi 
mony on this subject at public hearings to consider the licensing of 
new atomic installations. 

The AEC’s proposed new rules would specifically prohibit wit 
nesses from discussing subjects which are outside the agency’s juris¬ 
diction. Thermal pollution is, AEC has ruled, outside its jurisdiction 
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nnd therefore should not be considered as one of the factors de- 
icrmining whether the licensing of a nuclear plant is m the public 

^ Despite the fact that AEC denies it has the authority to take 
thermal pollution into consideration, it nevertheless has been coo 
suggestions that the law be amended to give it specific authou y 
„r togive the regulatory authority over thermal pollution to some 
other agency such as the Interior Department or Federal Power 

m 7 l AEC approves the proposed new rules, they will have the 
effect of formally barring the q uestion of thermal polluUon from 
being raised in future cases. [Emphasis theirs.] 

Early in 1968 the Department of the Interior of the United States 
finally came up with a plan to undertake a two-year study of thermal 
effects along the entire Columbia River, with an eye to establish! g 
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University experts have estimated that, at the present rate of heat dis 
Sir. rivers, some oi rhose rivers might reach the., 

boiling point by 1980 and evaporate by 2010. 






















































CHAPTER XII 


Man's Dwindling Radiation Budget 


In the last chapter it was mentioned that some utilities have proposed 
to build ‘cooling towers” to alleviate the problems of thermal pollution. 
It can be asserted, however, that those devices may be used to cool 
something other than water: namely, community hostility to atomic 
reactors. Although the cost of building cooling towers is one no utility 
cares to pay, agreement to build one may make the public feel the util¬ 
ity is genuinely trying to meet the community halfway. Similar agree¬ 
ments may be made in matters of land beautification, such as build 
ing parks around nuclear facilities or offering to bury transmission 
cables underground. The community comes away feeling it has wrung 
a valuable concession out of the utility people, and relaxes pressure 
or abandons the fight altogether. Meanwhile, attention has been dis¬ 
tracted from a threat far more insidious even than the overheating of 
water resources: that of radiological pollution of the environment. 

Apparently the public, for want of information, thinks in conven¬ 
tional terms about this form of pollution. There are many indications 
that numerous utility executives labor under a similar impression. In 
any event, this error has enabled power companies to play down the 
importance of low-level emissions of radioactivity into air and water 
and rule them out as valid grounds for opposition to nuclear plants. 
It is imperative that this gross misapprehension be corrected. 

In the first place, and foremost, is the fact that many waste radio¬ 
nuclides take an extraordinary long time to decay.* Cobalt 60 has a 
half life of over five years, strontium 90 of over twenty-seven years, 
and cesium 137 of over thirty years. A few take far, far longer. A 
pound of carbon 14, could it have been placed in the tomb of Narmer, 
Egypt's first known pharaoh, around 3200 b.c., would still have more 

* Decay in a radioactive element is described in terms of its "half life”—the time 
it will take for half of its atoms to disintegrate through fission. The isotope 
ruthenium 106, for example, has a half life or one year, meaning that one pound 
of it at the start of 1970 will be one half pound at the start of 1971 and one quarter 
pound at the start of 1972, etc. 
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I lie future, and that as yet scientists had not devised a way of solving 
It, 

Hie other isotope Commissioner Johnson mentioned, krypton 85, 
l ives us even greater cause for concern. This isotope, with a half life 

< >1 about ten years, is particularly difficult to extract from the effluvia 
ol reactor operations. J. R. Coleman and R. Liberace of the Radiologi- 

< ul I lealth Division of the U. S. Public Health Service stated in an 
official report dated November 1966 that removal of krypton 85 from 
tractor wastes involved “costly techniques which are reasonable only if 
very small volumes or flow rates are used”—a condition that does not 
apply to the big reactors now built or presently to go into operation. 
And so instead of spending money to remove krypton 85, and thus 
laising the cost of “cheap electricity” to a realistic price that embraces 
health safeguards, reactor operators have no choice but to let the gas 
go into the air. 

Although some radioactive elements seek particular tissues and or¬ 
gans when taken into the system, krypton 85, with its tendency to dis¬ 
solve in fatty tissue, is distributed fairly evenly throughout the human 
body, raising over-all internal radiation and the attendant chances of 
cancer induction, genetic damage, and shortening of life. 

By what amount will krypton 85 raise exposure levels? According 
to the highly detailed but conservative report made by Coleman and 
Liberace, the human whole-body dose from this isotope will be between 
twenty to a hundred millirads per year by 2060. It is not necessary to 
define a millirad in this context, but merely to point out that the Na¬ 
tional Committee on Radiation Protection and Measurement has set 
170 millirads per year, above natural background radiation, as the maxi¬ 
mum amount of radiation from any and all sources to which the gen¬ 
eral population should be exposed. 

Thus the release of krypton 85 alone may exhaust about three fifths 
of the human radiation “hudget” within the next century! 

Considering, therefore, that krypton 85 is but one of a compendium 
of some two hundred radioactive elements produced by reactors, the 
reassurance that carefully monitored releases of low-level radioactivity 
into the environment are not harmful is nonsense. 

Such reassurances are deceptive in another way. While, as weve 
seen, some radioactive elements taken into the body are distributed 
evenly, others are absorbed into specific tissues and tend to build up 
concentrations. Iodine 131, for instance, seeks the thyroid gland; 
strontium 90 collects in the bones; cesium 137 tends to accumulate in 
muscle. Many of these isotopes have long half lives, some measurable in 
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decades. Human intake of these poisonous isotopes does not the. I 
ead merely to general distribution throughout the body It ] ei i 

grass to-cattie-to-milk-to-man. As they progress up these chains il, 
concentrations increase sometimes by hundreds of thousands of turn 
Norman Lansdell in his book The Atom and the Energy Revolution 
reports a study of the Columbia River in the western United Si-iir' 

relatively ££££ ^ ^ ^ - 

O the radioactivity of the river plankton was 2000 times greater 

tlo°::T 7 ° { the - fiSh and dUCks ^ « Se plankton 
was 15,000 and 40,000 times greater respectively 

3) ptentt-ndjf 7 ^ y ° Ung SWall ° W$ ^ ° n inS£ * tS cau 8 ht b Y their 

parents in the river was 500,000 times greater; and 
688 yolb 

6 c A 7 i!Tl IO ° k this amplificarior, process fe .„li ghttning . Talc zi „ 
Sa« „i,h 5 ‘L" ^ “ reaC *° r cl.ain-ic.ion LJns “ 

“r.- s is irr corap ° nents - some ° f this -***« »■ 

numerous site, ■ i W3teiS sllrroundin g reactors. Studies of 
concentrations of zinc 65 (among other 

vegetation, and animals that feed or prey on those foods ' ’ 

1 C n Utmy °! the Wlldllfe in a pond receiving runoff from the Savan- 
the water C «olina, demonstrated that while 

picocurie ner a f T f“'f* ° nly twenty-five thousandths of a 
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11 ill ion of 8270 times the amount of zinc 65 found in the water. An- 

• ilirr example: In 1958 when Columbia River water had about 188 
jiitocuries per kilogram, oyster samples at the mouth of the river had 
mneentrations as high as 63,500 picocuries per kilogram, a 330-fold 
»niitfiltration. 

Studies of humans in the Columbia River area drive the point home. 
M casurement of radioactive zinc in the bodies of people who drink 
< Columbia River water showed that these people have 57 picocuries 

• •I zinc 65 per kilogram of body weight-more than 4000 picocuries in a 
1 v} pound man. A man drinking three glasses of milk and eating about 
ii quarter of a pound of meat daily from the Columbia River Valley 
would have nine times that amount of radiation in his system—which 
i\ greater than that measured in some persons working in atomic energy 
Installations. 

1 lere then are clear illustrations of the ways in which almost unde- 
l ret able traces of radioactivity in air, water, and land may be progres- 
•.ivcly concentrated so that by the time they end up on man’s plate or 
in his glass they have become a tidy package of poison. This is to say 
nothing, by the way, of genetic effects and bizarre transformations 
about which practically nothing is known. Dr. Robert Pendleton, mo¬ 
lecular and genetic biologist of the University of Utah, has stated that 
at Oak Ridge, Tennessee, “very small amounts of radioactive waste 
were dumped into . . . White Oak Lake. Fish that appeared afterward 
. . . were fantastic. They changed into many grotesque shapes and 
sizes. The most amazing thing was not the genetic mutations but the 
fact that some fish were found many miles downstream from the lake 
glowing like Christmas trees.” 

That “low level” waste is, in the light of these discussions, a grossly 
deceptive term is obvious. The level is low only if one thinks of the 
dispersion of radioactive particles into air or water on a single occasion. 
If one considers instead the accumulation of long-lived isotopes re¬ 
leased over decades by scores of reactors and other sources, and if one 
considers the reassembly of those scattered particles in growing con¬ 
centrations up the stages of the food chain, and if one considers their 
further concentration in bones, muscles, glands, and other tissues and 
organs of the human body—where, then, is your “low level”? 

This gross misconception has led to fonnulation of a very dangerous 
and deceptive system of radiation guidelines established by various 
groups and adopted by our Government. Altogether, these guidelines 
lay down a “maximum permissible dose” which an individual can re- 
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l»w li me' more or less automatically incorporated into government reg- 
= i all mis and used as standards by the courts, is performing a legisla- 
I unction. As such it is unrepresentative, since it consists only of 
hi ists and engineers, without membership from other disciplines 

• , psychiatry, the clergy, economists, etc.) and societal interests. 
■i does NCRP have political accountability of the kind that should 

i mluTcnt in lawmaking bodies." 

I Jig fallacy of the ‘maximum permissible dose" can lead society far 
o.iv from the path of safety and health. “A case in point," states 
\V ilic-r Schneir in an article in The Reporter, “is the pollution of the 
Hi limns River in Colorado and New Mexico, where the water used by 
ililrly thousand people was found by the Public Health Service to con- 

• ‘in radium far in excess of maximum permissible levels. For a proper 

• inent of the danger from the wastes, the Public Health Service 
•light to learn what other man-made radiation the people of the 

»M 1 .1 were exposed to. By unhappy coincidence, the peas, cabbages, 
!«liucc, and other vegetables grown in this area were also discovered to 
have extremely large amounts of strontium-90 from fallout." 

I Iie National Committee on Radiation Protection and Measure- 
menis, in an article in Science, advocated that “The levels should be 

* 1 so that the typical person in the area will not receive more than 
1 lie established permissible dose when all sources are combined." And 
I )r. Theodore Rice, laboratory director of the U. S. Bureau of Marine 
I r.lieiies, Radio-Biological Lab, Pivers Island, Beaufort, North Caro¬ 
lina, was reported as stating that at present the AEC Code of Federal 
Regulations, Title 10, Part 20, on maximum permissible limits of re¬ 
lease of radioactive wastes, was so flexible as to be no regulations at 
nil. “Although safe levels of radiation are determined on the basis of 
intake of drinking water, if we get additional amounts from food and 
oilier sources, we get more than the maximum level." 

llie great danger in having flexible guidelines set by groups sensi- 
live to scientific or governmental needs—or incapable of overruling 
I hem in the name of humanity—is that those guidelines could be raised 
if it were thought expedient to do so to further the interests of atomic 
energy proponents and promoters. This was expressed by Dr. Paul 
Tompkins, executive director of the Federal Radiation Council, who 
observed that if our population was receiving frequent or continuous 
exposure to iodine 131, it might “justify an adjustment upward of the 
(otal estimated dose that would be acceptable without taking protective 
action.” 

At the conclusion of this book will he presented an increasingly in- 
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fluential scientific view that new guidelines must be set fixing hard ' 
fast levels—a radiation “budget” as it were—which could not l>< * % 
ceeded without the most scrupulous consideration by a body of qualiI- 
individuals. It should be clear from the foregoing, however, that T 
current system of guidelines and acceptable levels and maximum | 
missible doses establishes a most unrealistic framework of criteria I 
our radiological security. 

As stated earlier, many conservation issues such as thermal polluh- • 
are unwittingly serving as red herrings to divert the public's eyes li ¬ 
the perils arising from radioactive discharges from atomic faciliiu 
Though those issues are by no means insignificant, it is absolut* I 
necessary that we recognize that radioactivity is the chief hazard I* 
far. Time and again, following announcement of a utility's plan |. 
constructing a nuclear facility, one can read newspaper stories and 
editorials expressing disturbance about land and wildlife conservation 
yet saying not a word about radiological hazards. On August 20, 1 
to cite just one instance, the New York Times published a fcatim 
story titled “Nuclear Plant Plan Stirs Controversy.'' It told of the puhli* 
outcry in Fairfield County, Connecticut, because of United Illuinin.il 
ing Company's plans for a nuclear station on Coekenoe Island, jm.t 
offshore in Long Island Sound. Coekenoe is four miles from Westport 
four from Norwalk, a little over five from Darien, eight from New 
Canaan, and about a dozen each from Bridgeport and the north shoo 
of Long Island. It is also within casualty- and property-damage-inflictin 
distance of New Haven and New York City. Yet not a single one "I 
the thousand or so words devoted to the controversy mentioned radium 
tive hazards. 

The point is not that the preservation of natural resources, of seen it 
wildlife preserves, of places where humans can go and be at peace, 
escape metropolitan tensions, do some thinking—the point is not that 
these issues are unimportant. The erection of even a conventional plan! 
on this island would be offensive from a conservation viewpoint in any 
event. 

The point is that people have missed the point. That responsible 
and presumably well-informed citizens and newspaper people can be 
so utterly unaware that an accident at the Coekenoe plant could wipe 
out the lives and property of thousands upon thousands of souls in 
the densely populated Connecticut-Long Island area—does this not il 
lustrate the need for greater public airing of the hazards of atomic 
power? 

If the Save Coekenoe Committee really wants some ammunition for 
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, 1 observation arguments, the following matters should he consid- 

'VL seas are grand hut they are not of infinite capacity. They can 
...mnodate a huge amount of waste and flotsam, but as wear 
, ,i„, with all natural systems on our planet, they have 
l„ , lke a good deal of radioactivity to contaminate the seas but 
potency of nuclear material, its long^ty 
,1, ,| itv could in time raise radiation levels by a small but undesira 
,.'if not alarming, amount. Runoff of radioactive 

or peacetime nuclear excavation, the sinking of nudear ships^ 

1 bins and planes bearing nuclear material, large sc 
I, Tf.™ accidents »„ land- o, island-based reactors and of course 
.. ocean-dumping ot enormous quandties o! atom.c waste 

ilirse can all make their contributions. _ , 

In recent years scientists have been looking with merged hope to 
UTa Irce ot food and other resource. Unde, the « ^ 

1 if has been estimated, there is enough aluminum to last 

wodd ,T.e ot consumption tor eighty years, com- 

l-'aed to a hundred years ot reserves known oni land; enough 

:ZU reserves ot only tony yeans. Mismanagement ot : the^ “ 

,beds, however, may render it more d.lhcul. tf not rmpossiblc 

I m rvest this incredible bounty. 1 . p 

T his fact is seen most clearly in the contamination of plankton, 

,,e m be .50,000 times more radioactive than the water But whtle 

prime sources of food for fish. Radioactive poisoning of this food, there 

m marine ecologies. Even it the plankton XSt 
%£?£ ZZZU and 'organs, could lead to wholesale 
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CHAPTER XIII 


Absolute Power 


As we have seen, the Atomic Energy Commission woke up in the mid- 
1060s to discover that the robot it had for twenty years attempted to 
breathe life into had risen from the table and was marching on the 
nations cities. Almost all of the hazards to which this nation is now 
Mibject owe to the fact that the regulatory forces which ordinarily 
would have contained the monster had been subdued, permitted to 
ntrophy, or actually enlisted into the service of atomic power's advocates. 
A detailed examination of this process will place those perils into the 
t on text of the policies that created them. 

Four areas stand out distinctly in this connection: (i) the internal 
components of the Atomic Energy Commission itself, such as advisory 
committees and review boards, (2) the congressional committee 
charged with review of the AEC's activities; (3) the state and local 
governments; and (4) the public at large. 

The first area in which the AEC’s near-omnipotence is manifest is in 
its relationships with its own advisory groups. The Atomic Energy Act 
of 1954 authorizes the AEC to establish subcommittees to conduct ad¬ 
ministrative proceedings, public hearings, safety examinations, licens¬ 
ing reviews, and so on. Several of these groups are implicitly designed 
to provide conservative drag on any tendencies to accelerate the com¬ 
mercial reactor program hazardously. 

In practice, however, that conservatism is all but non-existent. The 
AEC is not obliged to confer final jurisdiction on subcommittees, nor 
to accept their recommendations. The Commission is entitled to disre¬ 
gard or overrule adverse findings, and has even, as we have seen, 
sought to suppress them on at least one occasion. The statutes make 
it possible for the Commission to bestow diluted responsibilities on 
subcommittees so that their reports often constitute a virtual playback 
of the Commission's positions. 

Such is not uncommon practice in a hierarchical system of adminis¬ 
tration. However, in an area as supremely delicate as atomic power, 
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advisory and review groups must have the widest possible latitude m 
determining the suitability—or, more to the point, the unsuitability -I 
plant blueprints, reactor safeguards, sites, radiological security, ins|u< 
tion procedures, and the like. Adverse finding in these areas made l»\ i 
subcommittee must be given profound weight when the Commissi* n 
considers issuance of a license; in fact, such adverse findings should, 
one would think, be tantamount to an automatic red light. One could 
go yet further to suggest that even if a subcommittee gives its approval 
to an application, the minority report of dissenting members should 
cause the parent Commission seriously to hesitate, though the minorilv 
report be filed by but one member. 

This breakdown of caution may be seen most clearly in the AE( 
licensing and regulation procedures. On numerous occasions con 
cerned congressmen have proposed splitting the bodies that conduct 
these procedures away from the main Commission in order to permit 
safety considerations their fullest day in court. But on each occasion the 
Commission has rejected the proposal, usually on the grounds that suc h 
an arrangement would make communication between the Commission 
and the regulatory group difficult. If some quarrels on record between 
the Commission and its advisory bodies are any indication, the pro 
posed “two party” system would end up with the two parties not com 
municating with each other at all. The dilemma is well expressed by 
Harold P. Green, professor of law and director of the law, science, 
and technology program of the George Washington University Na¬ 
tional Law Center. In an article in the June 1968 issue of Notre Davie 
Lawyer, he stated that a principal basis for the AEC's rejection of an 
autonomous regulatory body has been that 

. . . such a new regulatory agency might become preoccupied by 
safety considerations and not give adequate recognition to the need 
for pioneering the diverse peaceful uses of atomic energy, thus cre¬ 
ating the possibility of “policy deadlocks” between the new agency 
and the AEC. Implicit in this policy justification is the premise that 
licensing and regulatory actions should reflect the need for pioneer¬ 
ing. Putting this another way, it seems to be national policy that 
the regulatory program should not be single-mindedly safety oriented, 
but that some risks should be tolerated for the sake of rapid tech¬ 
nological advance. 

The AEC has good reason to be satisfied with the present system, 
in which “communications” are smooth indeed. When a utility appli- 
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„,| on is filed for construction of a nuclear plant, it is accompanied 
l,v I company's analysis of the safety features to be incorporated. 

11„.. analysis is submitted by the AEC to two groups: its own mgula- 
u-ill and die Advisory Committee on Reactor Safeguards. Tie 
: lps .view the safety features and file their findings with a 

n.an Atomic Safety and Licensing Board, consisting of a lawyer 
1 wo technically qualified persons drawn from a twenty-six-member 
. established by die AEC. The latter holds a hearing based mainly 
documentary evidence, and unless the case is contested, or one of 

.two AEC review groups Cor both of them) repon advmdy ™ .he 

Application, the Atomic Safety and Licensing Board will give g 

Swell safeguarded agains. manipula.i.n by over- 
. „S„”n.s of nuclear power, bur close examination reveals man, 

'''iToMTing, dispu.es between .hese mo groups are kept most 
uldy”* the family/’ In January .965 .he AEC appointed a Severn 
Regulatory Review Panel “from outside the Government to re 
v„. w the Commission’s policies and procedures for licensing nude 
lectors. The chairman was formerly the AEC’s general counseled 
1 l.c other six were scientists, engineers, and executives ^wn from h 
nuclear industry. It is not, then, surprising to learn that one^ofjhe 
Panel’s recommendations was that eveiy e oit e ™ ^ 

horn the public any differences of opinion between the ACKS and 

AI S far more s«i„us evidence dun .he Commis¬ 

sion's safety review groups have little independence AppmaUy dre 

Ai.'C’s regulatory staff of an application has, it has been assertec, 
become ’more and more predictable. As Harold - 

describing the regulatory staff safety repoit, T ie r j 
istically concludes with a judgment that safety standars aie me 

n recommendation that the construction peimit ^ 1SS1 ^ cliehtlv more 
The Advisory Committee on Reactor Safeguards seems slightly more 
independent than the AEC reguia.ory staff, but its tubberjamp okay 
of virtuallv every application is ensured by the concept of t P 
iraflstrucdon permit.’’ Before describing it, a little background 

" The ACRS is a prestigious group of technical experts winch though 
its members are appointed by the AEC, has tried to maintain a cntica 
conservative, and independent posture. Unfortunately over the past 
tcn or twelve years, the ACRS has had a steadily decreasing mflu- 













































PERILS OF THE PEACEFUL ATOM 


162 

ence over the AEG. And yet, so important does Congress regaid 
ACRS’s function that in 1957 it passed legislation placing the Comm., 
tee under the legislature’s aegis, making it mandatory for the Com, 
tee to report on reactor safety, and making the report part of the pul,I 
record of proceedings. The idea behind this extraordinary mot , I 
Congress, obviously, was to create a “conscience” for the AEG. and , 
make sure the parent organization did not with impunity dismiv d, 

urgings of that conscience. Congress knew what it was doing, I. 

long after the Atomic Energy Act of 1954 went into effect, the AI < 
found itself suffering from rather distressing pangs of “comae,,,, 
The struggle reached a climax in 1956 with the review of the <,,,, 
struction license application for the Fermi plant. In that case, as » 
saw in the opening chapter, the ACRS reported to the AEG 1I..1 
. . . the Committee believes there is insufficient information avail,,I,I, 
at this time to give assurance that the PRDC reactor can be opcraml 
at this site without public hazard.” Pressed heavily by the applicant 
committed to a timetable, and, above all, fearful that the negative „ 
port might spook everybody preparing to put money in the atom,, 
power program, the AEC not only overruled the ACRS, but to „ , 
Representative Holifield’s word, “suppressed” the report. The voice „l 
expediency was clearly evident in AEC Chairman Strauss’s ruling: 

We believe the public interest in the development of the fas, 
breeder reactor, the time to be saved in proceeding with const,,,, 
tion while the remaining technical and safety problems are bei„ v 
solved, and our responsibilities under the Atomic Energy Act „l 
J 954> a re better served by continuing the permit. 

Although we have recorded the angry reaction of Senator Clinton 
Anderson, then chairman of the Congressional Joint Committee on 
Atomic Energy, when he learned of Strauss’s action, it is worth ,v 
pea ting for its relevance to the issues we are taking up in this chapter: 

The issuance of this construction permit, in my opinion, sets a 
dangerous pattern in the early stages of AEC regulative and quasi 
judicial activity. . . . From a practical standpoint, AEC might feel 
obligated to go through with a bad deal with respect to public- 
safety because they will have permitted the expenditure of huge 
sums under the construction permit. It is my belief that decisions 
on safety should be made without any examination of dollars in 
volved, but only from the standpoint of human lives. 
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Senator Anderson, of course, helped organize the opposition to Fermi, 
lint the fact that the Supreme Court upheld the Fermi applicants 
m lengthened immeasurably the AEC’s power-even though the nearly 
. ii.istrophic failure of the reactor vindicated all of the ACRS’s worries. 

Most important of all, the AEC’s triumph in the Fermi case es¬ 
tablished the concept of the provisional construction permit. This per- 
tnit acknowledges that the applicants safety proposals are not adequate, 

• •I die technology for certain proposed safety features is not fully per- 
Ircied, but nevertheless permits the applicant to proceed with con- 
si ruction in the expectation that the problems will he resolved by the 
lime the plant is up and ready to apply for an operating license. This 
provisional scheme serves everybody’s purpose very nicely. It enables 
I he applicant to go through with construction without having to re¬ 
solve important safety problems first, or without having to wait for 
Icchnology to resolve them for him. It does not commit the AEC to 
approve all proposals for safety components until the plant is finished; 
mid, theoretically at least, it forces the builder to proceed at his own 
risk, because there is no guarantee that approval by the AEC will be 
automatic when the plant is finished. Of course, in practice, momen¬ 
tum is on the side of the applicant, not on the side of the public, as 
the minority report in the Supreme Courts Fermi decision expressed 
it. The utility, having a huge investment to protect, and itself under 
pressure from the community to get the plant in operation before a 
|X)wer shortage occurs, is undoubtedly going to push very hard for 
final approval. The whole process is helped along by the fact that 
neither a public hearing nor a review by an atomic safety and licensing 
board is required when, after construction is finished , the utility ap¬ 
plies for an operating licensel 

Finally, the provisional setup saves the face of the Advisory Com¬ 
mittee on Reactor Safeguards. It enables the Committee to raise the 
alarm on inadequate safeguards just as loudty as it cares to—yet by 
granting conditional approval anyway, the Committee manages to avoid 
running athwart of Big Brother AEC. 

The provisional permit scheme stands close to center in the galaxy 
of reckless procedures described in this book. In their standard work 
The Technology of Nuclear Reactor Safety , T. J. Thompson and J. G. 
Beckerley clearly point out that 

The important economic and safety decisions are made eaily in 

the reactor design stage. There may be no retreat from poorly made 
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initial decisions. It is therefore essential that considerations of sal. n 
are given a vital role at this stage of a reactor project. 

The book from which that passage is quoted was published im,l,, 
the auspices of the AEC. 

The Commission, of course, publicly proclaims its support of ,l„ 
principle. In answer to a question posed by the Joint Committee on 

omicEnergy m its 1967 hearings, for example, AEC Chairman 
oienn aeaborg stated: 

Fiona the regulatory standpoint, it is important that a comprehensiv. 
safety review be conducted before large financial commitments have 
cen made, designs frozen or construction accomplished. From dm 
industry s porn, of view, i, is equally important that this 
be aceomphshed before irrevocable commitments have been made, 

is acb,™w ,h ! "“' SSi,y fot C0,reCt ini,ial decisions on reactor desi w 
^fe desi™ h Se f ” bearings, the practice of insisting on 

.ale desrgn before construction begins is obliterated by the provisional 
consrtucrion permit. On Tuesday, May * rptSS, for instant, ~i 
ry mmittee on Reactor Safeguards reported to the AEC on five- 
proposed nuclear power plant projects it had reviewed. Though the lay 

mitteeT y d t0 judge the technical merits of the Com- 

that ext , ’ lMS b j n ° me3nS bey ° nd the man in the sheet’s grasp 

- remely senous dangers were ascertained by the Committee Here 
are excerpts from four of the five reports: 

The Committee beheves that the proposed off-site power system 
should be modified to fulfill Criterion 39 so that no "single 12 
wil prevent the operation of minimum electrically powered safety 
features necessary to protect the core. P S3tety 

(Crystal River Unit #3, Florida) 

den" Shlirret P f f ° rm, ' ng * d f i]ed anal ys* of the effects of sud- 
# C .g., by seizuie) of a main coolant pump. The 

Committee continues to believe that control and protection instru 
mentation should be separated to the fullest extent practical. There 
remain questions in this area on the Point Beach design. 

(Point Beach Nuclear Plant, Unit #2, Wisconsin) 

The Committee continues to believe that control and protection in- 
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.in(mentation should be separated to the fullest extent practical. 
I here remain questions in this area on the Kewaunee design. 

(Kewaunee Nuclear Plant, Wisconsin) 

I lie emergency power system originally provided for Units 1 and 
/ has been redesigned and expanded to serve all three units. . . . 
I lie design as proposed appears marginally acceptable. Questions 
arise regarding the capacity of the diesel-generators and regarding 
1 he necessity for paralleling of generators at some time after an ac¬ 
cident. Consideration should be given to improvement of the sys¬ 
tem. 

(Browns Ferry Nuclear Power Station, Unit #3, Alabama) 

The latter is doubly significant because it is the third unit of the 
hitipendous TVA project which ACRS member Stephen H. Hanauer 
I mind so hazardous that he filed a public dissent, a precedent-shatter¬ 
ing move. Not only was the AEC going ahead with the first two units, 
which the ACRS had found worrisome enough, but it was consider¬ 
ing a third unit before the first two were even built, let alone proven. 

The fifth of the five reports is particularly noteworthy for the res¬ 
ervations expressed by Committee members, two of whom saw fit to add 
separate statements to the main text of the document. These statements 
arc, at the risk of trying the reader with material of a semitechnical 
nature, presented here in their entirety. The first w^as written by Dr. 
David Okrent, who in 1966 w^as chairman of the ACRS: 

The Fort St. Vrain Station [in Colorado] will have the first pre¬ 
stressed concrete reactor vessel designed and constructed in the 
United States, although such vessels have been built abroad. How¬ 
ever, even abroad, only limited experience exists with these vessels. 
Not all of that experience has been favorable, and none of the exist¬ 
ing experience covers more than a fraction of the operational life 
of the vessels. Only a limited amount of safety research work has 
been done in connection with various failure modes of these vessels, 
or on the effects of anomalies and errors of design, construction or 
operation. History teaches us that errors and misjudgments have been 
and will be made in the design and construction of vital compo¬ 
nents. The chance of such errors is increased when a long experience 
with design, construction, and operation is not available. At this 
time, it is not clear to me that significant faults in a prestressed 
concrete reactor vessel would necessarily be detected prior to the 
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loss o£ integrity of the vessel. The inaccessibility of the vessel lin,. 
cooling tubes, and thermal insulation compound this difficulty. 

From the standpoint of reactor safety, the Fort St. Vrain desij-n ,, 
especially vulnerable to vessel failure because a single structure sen . 
as both reactor vessel and secondary containment. I believe ii 

ceptable to construct the Fort St. Vrain station, in view of the .. 

character of the site, the moderate power of the reactor, the apparci.i 
great conservatism in the design of the reactor vessel, and the l.„, 
that only one unit is involved. However, I believe that it would nm 
e prudent at this time to construct larger reactors of the Fort Si 
Vrain type at more populated sites without additional safety IV.. 
tures to cope with major accidents involving various modes of fail 
ure or the reactor vessel. 

The second statement was made by Dr. Joseph Hendrie: 

I believe the Fort St. Vrain reactor should be contained in a build 
mg of such design pressure and leakage characteristics as to proted 
the public in the event of a major failure of the reactor vessel I 
do not agree with the applicant’s argument that the present design of 
the reactor vessel provides both primary and secondary containmcn, 
of the reactor in an adequate manner. The great merit of the tra 
ditional secondary containment building is that it is a separate and 
independent barrier to protect the public from the effects of failures 

senl e f Prima T syste ™' l ^ e Fort St. Vrain design, this essential 
separation is lost, and the safety of the public depends upon the 

integrity of a single structure. The applicant concludes that a sig 
nificant loss of integrity of the reactor vessel is impossible, due to 
the reinforced, prestressed concrete construction. This may be a cor¬ 
rect conclusion but in a matter as important as the public safety 1 
believe it should be supported by a substantial amount of favorable 
experience m the construction and operation of high-tempera- 
uie, gas-cooled reactors with concrete vessels. In the absence of such 
expenence, I believe the Fort St. Vrain reactor, and any similar 
units that might be proposed in the near future, should have sec¬ 
ondary containment buildings. 

But despite the obvious hazardousness of these five nuclear plant 
proposals, and despite the undeveloped technology in many critical 
areas-m short, despite every good reason to withhold approval of a li¬ 
cense until all crucial problems were solved, the Advisory Committee 
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In every single case ended its report with the following words, or slight 
vu nations: 

The Committee believes that the various items mentioned can he 
t csolved during construction and that the proposed power plant can 
he constructed at the site with reasonable assurance that it can be 
operated without undue risk to the health and safety of the public . 
| limphasis ours.] 

On July 26, 1968, the ACRS issued two more safeguard reports, 
these on the Maine Yankee Atomic Power Company's proposed plant 
in Wiscasset, Maine, and the Sacramento Municipal Utility District's 
proposed plant in Sacramento County, California. Again, descriptions 
ol treacherous problems in the submitted design—and again, the same 
breezy reassurance that the problems could be ironed out during con¬ 
traction. 

On July 31, 1968, another ACRS report, on two plants proposed by 
( ’<unmonwealth Edison: Zion Station Units i and 2, forty miles north 
< >f Chicago. Same story. 

As if this procedure were not farcical enough, it came to light in 
1966 that some utilities were seeking construction permits for plants 
of one power level, then raising the power level significantly a rela- 
tively short time later. An AEC Licensing Board, hearing the appli¬ 
cation of three utilities seeking a construction permit for a nuclear 
plant at Millstone, Connecticut, examined the safety features of a 
550,000-kilowatt blueprint. After the evaluation, it was learned that 
1 lie Millstone plant’s power level would be stretched to an ultimate 
level of 675,000 kilowatts. Panel Chairman Arthur C. Murphy was 
quoted as declaring: “We are being asked to approve a reactor substan¬ 
tially different from the way it will be operated. Maybe you can take 
care of this at the operating stage, but then I don't know what pmrpose 
l be construction permit serves at all." Another panel member asked why 
possible hazards from operation at 675,000 kilowatts had not been 
evaluated. General Electric spokesmen replied that safety is not de¬ 
pendent on power level and that by the time a permit for operation 
at the higher level is sought, experience would be available from actual 
operation of other plants of the same size. 

The Atomic Energy Commission has made other moves to make sure 
its safety review process moves along at a vigorous clip without annoy¬ 
ing delays. For instance, the AEC is currently considering proposing 
legislative changes that would relieve the ACRS of the mandatory 
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case-by-case review requirement. Tire reasoning behind this chany, , 
that a number of proposed reactors are similar to types already M . 

proved. In some cases a utility will apply for a second or third . 

identical to one already built or approved: Why make the ACKS , 
th lough review procedures in such cases? 

The answers, of course, are obvious. First, research and dewl. r 
ment might have come up with safeguard improvements since the In i 
reactor was built. Second, the addition of a second, third, or lorn,I, 
reactor on the same site demands a new look at cooling water resource-., 
emergency electrical systems, interconnection of safeguards, silin,- 
availability and training of personnel, structure of control systems, and 
so forth Third, the building of a reactor in, say, Wisconsin that . 
identical to one in New Jersey may still present a host of new sitini- 
considerations demanding modification of plans. Fourth, the original 
reactor may, upon going into operation, have proved faulty or hazard 
ous, so that “copies” of it will duplicate the same unsafe features. 

Most important of all, reactors are not assembly-line products about 
which it can be assumed that if one is good the rest are just as good, 
iii the 1967 congressional hearings, Harold L. Price, AEC’s Director of 
Regulation stated: “We just haven’t seen any standard-what you 

would really call a standard-reactor yet.” Then in the next breath' lu- 
said: 

The only duplicates we have seen are the twins where a few of these 
companies have applied for two identical plants to be built at prac¬ 
tically the same time on the same location. 

If I may be a little facetious, we handle that second one real fast. 

*?*"*■* " VaS remarks like these tha t Justices Hugo Black and 
William Douglas anticipated when they referred, in the Fermi case, 
to a light-hearted approach to the most awesome, the most deadly the 
most dangerous process that man has ever conceived.” 

The Atomic Energy Commission has also managed in great meas¬ 
ure to neutralize the congressional committee charged with die stern 

duty of overseeing the AEC’s activities, the Joint Committee on Atomic 
.energy. 

Admittedly the Joint Committee is not so much a regulatory body as 
a review panel serving to keep Congress informed of atomic energy 
activities to keep the AEC informed of congressional moods and meas¬ 
ures, and to act as go-between on atomic energy legislation. However, 
being an arm of the legislature, the Joint Committee could if it chose 
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1* l<l powerful influence over the AEC, for implicit in the legislative 
»* view system is the threat of sanctions imposed by Congress if it is 
- •! ..itisfied with what the Committee reports back to it. Even if that 
nr not the intention, the Joint Committee is constantly in a position 
« • ip. Mime such powers at its discretion. 

I ;irly in nuclear power history, the Committee did play this “watch- 
•I r, role, its hearings being conducted with a certain arm’s-length for- 
11 mlily with the AEC, suggesting that a highly critical eye was being 
* 1.1 on the AEC’s activities. Still, many of the Committee members 
uric, by admission or deed, most sympathetic to the cause of atomic 
power, and when the Great Atomic Power Promotion got under way, 

II u se members were in the vanguard. 

A crisis occurred in the Fermi case, when some Committee members, 
iin hiding the chairman, cried “Foul” over the suppression of the 
AC IRS's negative safety report, and encouraged legal action to stop 
1 lie building of Fermi. The Supreme Courts decision severely undercut 
I lie congressional Committee’s power, however. 

Reading the transcripts of the 1967 Joint Committee hearings on 
nioinic power, one is puzzled by the seeming lack of skepticism, anxiety, 

III dissatisfaction expressed by the legislators about the AEC’s and the 
Industry’s activities. There are few conflicts or dramatic clashes. Some¬ 
times the reader’s pulse quickens as the questioning turns up an 
iilleyway bristling with the makings of a good fight. But alas, the inter- 
nigators step away, declining to engage. Typical is the following ex- 
i hange between a Committee member and AEC Chairman Seaborg: 

REP. PIOSMER: I have only one question. In years past we used 
to hear the argument that while the Commission had this licensing 
and safety responsibility, and at the same time it had a promotional 
responsibility in connection with the nuclear industry, that somehow 
there was a conflict between the two—that it might be detrimental 
to the full and complete discharge of the AEC’s licensing and safety 
responsibilities. 

You have recited the magnificent safety record we have. I don’t 
hear this talk much anymore but do you have any feelings about 
whether there is a conflict or not? 

DR. SEABORG: As I have watched it, and w 7 ith the separation of 
the regulatory function as we have it now, a step that we took in 
1961, the Commissioners are pretty careful and quite meticulous in 
their regulatory responsibility and have this possibility of conflict in 
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mind. I think that it has worked, so far as my experience is < > 
cerned, quite well, with a minimum of that kind of interferes < ... 
regulatory decisions. 

This combination of the two responsibilities in one agency I. > 
the very much compensating advantage that you have the expci ir 
that is required in your organization in order to discharge the regiil 
tory responsibilities adequately and this is very important in a m 
and growing technology like this. 

That is why we think that the time is not yet right for the sepau 
tion of the responsibility, and that this advantage far outweighs .my 
potential disadvantage from a possible bias that might be introduce. I 
due to the dual responsibility. 

REP. HOSMER: I quite agree with your feelings and the fads .1 
the record has displayed them over the years. 

Sometimes there is levity: 

REP. HOSMER: I think the Turkey Point reactors in Florida an 
about, what is it, 18 or 22 miles from Miami? 

DR. BECK: It is 18 miles. No; I beg your pardon. The low 7 popula 
tion zone at Florida Power & Light is 5 miles but Miami, I believe, 
is 18 miles. 

REP. HOSMER: I wonder if we could actually consider that .1 
remote location? It depends on which way the wind is blowing, I 
guess? 

DR. BECK: That is quite right. 

From all indications, much of the forward propulsion for the nuclear 
power program seems to be provided by the Joint Committee itself. 
Joint Committee Chairman John O. Pastore, senator from Rhode Island, 
has actually proclaimed himself an “enthusiast” of atomic energy, and 
other members of the Committee have indicated impatience and con 
cern with the rate of progress made in our reactor program. Hence: 

REP. HOSMER: Dr. Okrent, you said something that rather dis¬ 
turbs me that you are kind of laying down these academic rules for 
people coming in for licenses, and you said they ought to be con¬ 
servative in their design. 

I am just wondering how fast we are going to progress if the 
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Committee [the Advisory Committee on Reactor Safeguards] is insist¬ 
ing upon this retention of conservatism all the time. 

And: 

HEP. HOLIFIELD: I share the concern of Mr. Idosmer in regard 
to the length of time required for licensing. It is important because 
all of these companies are faced with a phenomenal increase m the 
need for electricity. Naturally, they have to fit it into their schedule 
of customer need at the end of the 4- or 5-year construction period. 

And: 

REP HOSMER: This problem of getting these things closer to big 
cities is really a tough one. Even if you could get an okay technically 
from the ACRS, you still have a problem of getting a piece of prop¬ 
erty somewhere and not making a whole bunch of people mad as 

they are at Malibu. .... 

I am just wondering every time I go in and out of a big city air¬ 
port and see all this flat land around there and pieces of property and 
perhaps the idea might he for the AEC to develop some kind of low 
profile installation that could take advantage of this already banen 
land around airports and already mad people, so you would not make 
anybody else mad, and maybe that might he the area to look. 

T E Murray, the former AEC member whose remarks we have 
quoted in another context, had much to say on the subject of con¬ 
gressional control over the AEC. 

But the Joint Committee’s supervisory or “watchdog” powers vis- 
h-vis the AEC are vague. . . . From time to time, the Joint Com¬ 
mittee is called upon to make important decisions, for instance in 
reporting out the proposed agreements to pennit international 
nuclear cooperation. But when it makes these decisions, it usually 
has little choice but to make them within a policy framework which 
for the most part has been constructed by other agencies of the 

8 Hm not, of course, suggesting that the Congress should he the 
sole authoritative body to give comprehensive, positive program direc¬ 
tives to the AEC, spelling out in precise terms what types of con¬ 
struction projects the Commission should undertake. ... But it 
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certainly seems to me that within a democratic society the represen 11 
tive legislature must retain the power to make broad policy dec. 

nations of a continuing effect and to see to it that they are gencull, 
adhered to in the long run. 

Thus the internal structure of the Atomic Energy Commission, an. I 
the external regulatory function that could be imposed by Congrc , 
ave both succumbed to the inexorable thrust of the nuclear pour, 

pi giam. The third area where such acquiescence is in evidence is in 
state jurisdiction. 

Although traditionally the responsibility for citizen safety (alls 
within state jurisdiction, as part of the state’s general police power, 
radiological protection of the citizen has in large measure been pn' 
mp ed by the Federal Government. Although state and local govern 
men s have some say in conventional safety problems in nuclear pom, 
plants and may regulate some radiation problems under delegation ,,1 
redeial authority m non-power plant situations, Uncle Sam is the sole 

and The reSult is that a traditional, 

e d rl d rf y r We ’ defenSe against the unfair exe rtion „[ 
lahzed political power is not operative in the atomic utility field 

Ene n r^°r 7 ’r eXeCUtI T e dileCt ° r for the J ° int Comi nittee on Atomic 
i96 7 7earings: **“ ^ tW ° AE ° merabers on tbis P^int in the 

MR. CONWAY: The point has been made, at least the Commis¬ 
sion s position has been, that the Federal Government has preempted 
this area and hence the states do not have the authority to pass laws 

or impose restrictions relating to radiation protection for nuclear 
reactors. CtU 

MR. PRICE: So far as radiation safety is concerned, that is right. 

MR. RAMEY: We don’t use the word “preempt” so much. I think 
we used a different word in the Joint Committee hearings. 

Just as so many other key issues came to the fore in the Fermi dispute 
the issue of state and local rights was raised at that time as welt 
Senator Clinton P. Anderson, one of the most active individuals in the 
campaign to control the atomic energy effort, said at a meeting of the 
Council of State Governments, May io, 1957: 

Consider the Dresden reactor. It is to be built 45 miles southwest of 
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< 'liicago. But is it of no concern to the Governor of Illinois or the 
M ayor of Chicago? It might explode, it might run away. What hap¬ 
pens to the lives of hundreds of thousands, possibly several million, 
«ilizens who might be in the direct path of any radiation or fallout 
I mm such a catastrophe? Isn't that your problem? 

Now suppose that the runaway isn't going to be severe enough 
lo affect the lives of people. There still remains several hundred 
million dollars worth of property within a 50-mile area of the reactor, 
imd in the direct path of the fallout earned by the prevailing winds. 

What do you do to the Merchandise Mart if, through an accident, 
it becomes dangerously radioactive? . . . 

As a comparison of the public interest involved, let us consider 
this situation: Before the Mayor of Chicago was satisfied that the 
Prudential Life Insurance Co. would build its new building in 
Chicago safely and by good standards, he required his representa¬ 
tives to examine the plans before it was built to see if the footings 
were sufficient for a skyscraper of that size. He can't blindly trust 
l he Prudential Life to build correctly, he must insist on the right of 
original examination of all the plans. 

Likewise, the Governor of Illinois and the Mayor of Chicago 
ought to insist upon the right of original examination of reactor 
plans so that they may check them or have them checked by someone 
familiar with reactor processes to be sure that the reactor will be 
reasonably safe. Staffs are not yet available for States and cities to 
do this job completely, but if they continue to abandon this work to 
the Federal Government on the grounds that the staffs are not yet 
available, then no staff will ever be available, and as long as the 
Republic stands, all checking will be in the hands of the Federal 
Government only. . . . 

Big government, given an opening, always takes over. But surely 
you want to hold on to the things that the State has always looked 
after, namely, the body—the physical welfare—of the citizens, and 
their ultimate health and safety. 

The issue raised its head again in 1963, after the Atomic Energy 
Commission launched its big push to erect giant reactors around the 
country, causing Congressman John Saylor to ask the House of 
Representatives: “Was it actually the intent of Congress to empower 
the AEC to force a State and/or community to accept a plant, device, 
or contrivance to which that State and/or community vigorously object? 
1 think not." A number of attempts to establish states' rights in this 
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field, such as a bill introduced by Congressman Leonard Farbsu in i 
New York on January 4, 1965, have been to no avail. 

Unfortunately, Congressman Saylors assertion that many stair ! 
communities “vigorously” object to the Federal Governments aiicin| « 
to “force” plants upon them is not quite accurate. For although iln ■ 
have been some motions toward acquiring state and local juristli< 11 * 
over nuclear plant radiation problems, the states and communities lu\« 
not always fought “vigorously.” Tax inducements, public relalinn 
campaigns, and official reassurances have comforted opponents' hum* 
ties. As a result, the issue to this day remains unresolved. 

Early in 1965, for example, the New Jersey Board of Public lltilih 
Commissioners ordered public hearings inquiring into the Oy.h ^ 
Creek nuclear plant proposed by Jersey Central Power and Light ('mu 
pany. Later in the same year, the Board asserted some jurisdiction m 
the matter, noting that while Federal law had pre-empted states from 
imposing regulations with regard to radiation hazards, states retained 
other protective rights. The Board also recognized that New Jersey si .m 
law required it to work for the public interest without regard to dr 
tinctions between radiation and non-radiation hazards, and that di- 
constitutional implications of the Atomic Energy Act were not clc.n. 
and had not yet been resolved. 

But the New Jersey Board of Public Utility Commissioners backed 
off from testing the rights question, explaining it was in “substanti.il 
accord” with the AEC on the radiation protection required. Senatoi 
Anderson's warning eight years earlier—to the effect that if the state* 
didn't “do” for themselves in the area of radiological protection at 
atomic power plants, the Federal Government would—was fulfilled. 
The constitutionality of the Atomic Energy Act on these grounds ha. 
not been tested. 

The fourth area in which the Atomic Energy Commission has man 
aged to overcome serious opposition is the local community, specifically 
in the matter of public hearings and public efforts to prevent con 
struction of dangerous reactors in the vicinity of population concent ra 
tions. Under Section 189 of the Atomic Energy Act of 1954 as 
amended, applications for construction permits of nuclear power plants 
must be given public hearings. We emphasize “as amended” because it 
was not until 1957, when the secrecy of the AEC's proceedings in the 
Fermi matter enraged so many congressional members, that public 
hearings and disclosure of information on safety aspects of reactors 
was made mandatory. 

Since, to all appearances, the “public forum” arrangement is one of 
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tl„. best means, in our democratic system, of counteracting excesses in 
I lie behavior of the Atomic Energy Commission and proponents ot 
m ie I ear-powered utilities, one would think that here, at l ast, the public 

.. the upper hand. Sad to say, that is not the case. The rules under 

which they are conducted, the issues allowed for discussion, and the 
lie 1 sons permitted to intervene or pursue viewpoints opposite from the 
iiliunic energy party line are managed by the Commission in such a 
, vl ,y as to make the term “public hearing” quite appropriate for it is the 
public that does most of the hearing, and the AEC most of the talking. 

Although public enthusiasm, or even approval, is not necessary to the 
•mccess of a nuclear plant construction application, it is obviously 
highly desirable. Resentment on the part of the public or its press 
, mi initiate a ground swell of apprehension and hostility which it 
nut quickly and effectively placated, can turn into a massive protes- 
hionally organized resistance leading to a court fight. The further the 
Issues move away from the sanctuary of the controlled public hearing, 
the greater their exposure before the nation, and the greater the threat 
i„ ,he nuclear power establishment. Although, as we shall see in a later 
chapter hard-sell public relations campaigns undertaken by the 
utilities are instrumental in softening up public resistance to nuclear 
reactors, it is on die public hearing that utilities pin their highest hopes 

of subduing opposition. . . 

There is another important reason why it is crucial that opposition go 
no further than the hearing, and that is that contested applications 
play hob with utility construction schedules. When, in congressiona 
hearings, Representative Craig Hosmer asked Commissioner James 
Harney if realistic schedules were being set for the utility companies, 
he answered “Yes, but tight,” and then added, “And they dont take 

into account intervention.” . 

Tremendous pressure therefore exists to make sure the natives are 

kept firmly in their place. . • 

The AEC’s “Outline for the Conduct of Proceedings by an Atom ^ 
Safety and Licensing Board” lays down the ground rules on which 
the hearing is based, but the rules are unique in that the AECs At0 ™ 
Safety and Licensing Board itself, and itself alone, is authonzed t 
decide who shall participate and what the issues will be. . . • A mem¬ 
ber of the public does not have the right to participate unless he has 
been granted the right to intervene as a party or the right of limited 
appearance for the purpose of making a statement, says the AEC rule 
hook “The board rules on each request to participate in the he g 
on either basis. ... The important question which may have to be 
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decided is whether a prospective intervenor has such a relation to (hr 
su ject matter of the proceeding as to warrant granting him leave m 
eivene. As Harold P. Green pointed out in the aforementioned 
Notre Dame Lawyer article, . . despite the statutory provisions In, 
icensmg factors in a goldfish bowl’ with public hearings and publi, 
c isclosure of safety analyses, in actual practice the regulatory proc, 
dures tend to stifle public awareness and discussion of the safety issues ' 
It will be recalled that in I9 6 5 the AEC appointed a Regulate, v 
Review Panel to examine various AEC functions and procedures. Tin, 
is the panel from outside the Government" that recommended thai 
internecine quarrels between AEC safety review groups be suppressed 
and concealed from the public. This panel also had some interesting 
nngs to say about public hearings, namely, that their basic purpose, 
were: to give the public a "firsthand impression of the applicant's 
c aracter and competence”; to show the public that the AEC has been 
Arlfr « Proofing the public interest” and that the AEC and 
ACRS staffs have only the public interest in mind”; to give the public 
a convincing demonstration” that a "thorough and competent review” 
of the applicants proposal has been undertaken; to develop a factual 
lecord in public; and, finally, to provide the public with a “forum for 
recording its views, both pro and con, on the applicant’s proposal.” 
Harold Green summarizes the Panel’s findings nicely when he sa V s, 
mplicit in the Panel’s conclusions was the proposition that public 
heanngs are mere window dressing and that the actual decision to 
icense a reactor is made (behind closed doors and beyond public 
sciiitiny) by the ACRS and the AEC’s regulatory staff, primarily the 

Many proponents of nuclear power, both within the AEC and on 
the Joint Congressional Committee on Atomic Energy, appear to re¬ 
gard the public hearing as a necessary nuisance, held H great measure 
to give the anti-nuclear nuts” their day in court, tolerated largely be- 

S* Ir 3 3 S0 ° d , antld ° te against bad P ress or Ae threat of court 
hearing^ & ““ 6 ^ S6en in P assa S es from the 1967 

For example in response to a question by Representative Hosmer 
o ow much mandatory public hearings really accomplished AEC 
Commissioner Ramey replied: “I think our experience has been at these 
eaiings that on the first day you do get a sort of representation of the 
public and of a few individuals and you get other individuals who are 
SOI O hipped on this question of atomic safety attending them." He 
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went on to give an opinion that without mandatory hearings inter- 
V< nl ions were more likely, and it was agreed by all that once people 
' hipped on the question of atomic safety” witnessed the competence 
nl the AEC and utility personnel, they would realize how groundless 
I heir fears were. Representative Hosmer summarized the sentiment of 
(lie hearing when he said: “I guess we can say that these mandatory 
hearings are at least a safeguard against these extremist antinuclear 
people holding a ‘kook-out/” According to the record of testimony, this 
lemark was followed by laughter. 

Idle person or group seeking to intervene in the public interest finds 
lhe battlefield arrayed with the mightiest resources of the Federal Gov¬ 
ernment and private atomic industry. The prospective intervenor, un¬ 
less himself an expert or capable of acquiring the help of experts, is 
hi tally handicapped by his own technical ignorance, and in any event 
the process of intervention can be prohibitively expensive. 

We have seen how, in the case of the attempt by attorney Paul 
Siegel to intervene in the Turkey Point proceedings on the grounds 
I hat the AEC had not considered its responsibilities for reactor sabo¬ 
tage, a prospective intervenor was not even allowed to raise the issues 
at the public hearing. A similar incident occurred when a group called 
the Conservation Center attempted to intervene after Consolidated 
Edison of New York proposed to build “the largest reactor to be con¬ 
sidered for licensing to date”: Indian Point Unit #2. 

The public hearings were held September 14-15, 1966, and there 
were certainly enough references in the AEC’s Division of Reactor 
I licensing Safety Evaluation to merit serious public discussion. Among 
these were the facts that Indian Point #2 was the largest reactor ever 
considered thus far, and that it was sited about twenty-four miles from 
New York City. In addition, the proposed plant had some features 
that were in effect experimental. One was a penetration pressurization 
system which, the Safety Evaluation Division stated, “has not been 
previously proposed for use in other licensed facilities.” Another pas¬ 
sage declared that: 

The American Standards Association and the Institute of Elec¬ 
tronic and Electrical Engineers are actively engaged in the develop¬ 
ment of standards governing the design, testing and installation of 
reactor protection systems. . . . Evaluation of the Indian Point Unit 
No. 2 reactor protection system will be based on such standards, as 
they are proposed or adopted. 
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p“ ati0n did , n0t J ex P lain what would happen if, after India,, 
Point # 2 were completed, the ASA and the IEEE came up »„l, 
standards which the reactor failed to meet. 1 

With regard to another safety criterion, the Evaluation stated- T,„ 

and C Penmental v f T ati ° n Sh ° uId be availabIe bom *e San Onol.e 
and Connecticut Yankee facilities by the time the Indian Poi" 

happen ^'f^hree^tw Evaluation did not explain what would 

paEa 165 rePOTted $eri0US inadeqU3deS """ 

Despite these and other chilling deficiencies, the report concluded 
wnh what has since become an old, familiar tine: “We believe dn, 

ButTaT^lfH be ! eS ° lved dmin S construction of the facility.” 

1 ‘ Uy ° gait ’ d,rector of the Conservation Center did not find 
tion f 0SS ? g ° Ver f the iS$UeS 3ny t0 ° tranquilizing, and filed a pci, 

UnfoT Tr’R Sting c i8hteen ob i ecrions to the Safety Evaluation. 

1 unately, Bogart filed a few days late because he had difficulty 

O amzational purpose does not set forth an interest of the «Hh™ 

k ,he 

the C healt r h ati0n if Cente A Wa r ° rganized in an effort to Mp Protect 

Wlev Basin' 7 ’7 ° £ ** pubIic in the Hudson River 
as , weI ) 1 ] as m other areas of the Eastern United States 
where blight and pollution are present dangers. 

c . , C ootoonie of the present proceeding, and any increase in levels 
fesdy affeetthe ^ ^ Pr ° P ° Sed ’ mani ’ 

Obviously, that purpose wasn’t good enough. 

wiffi M ffi T S ’ in r dUStry hade j ° Uma1 ’ could not d Rguise its delight 

i,s ^ 

fact : that utilities, reactor manufacturers and the AI .'r no ' : ' Llrr yi rr S 
division -have learned to antic,pate the pomndafpo* ^2 
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work together as a team to suppress them through good planning.” 
Nucleonics admitted diat the Indian Point #2 hearing had “probed 
only briefly into a few scattered areas for this biggest nuclear plant 
, . . ever to come up for licensing,” then all but declared that that 
1 moderation was nowhere near as important as stifling opposition: 

This advance planning [Con Ed and the AEC had of course met 
on several occasions prior to the public hearing] . . . apparently paid 
off at the serene hearing. A potential source of trouble evaporated 
when the petition of the Conservation Center, New York City, rep¬ 
resented by Larry Bogart, to intervene in the case in opposition to 
the project was firmly turned down by the board. 

The AEC and the Joint Committee on Atomic Energy are currently 
considering legislation abolishing the mandatory hearing altogether. 

An observation made by Frances T. Freeman Jalet about die Fermi 
hearings holds true of hearings held today, and indeed provides a fit¬ 
ting conclusion to this examination of the Atomic Energy Commission's 
unlimited power. The Commission's rules and regulations, she stated, 
"obviously were drawn with great care and with meticulous attention 
to preserve the unfettered freedom of action so uniquely an attribute 
of the Atomic Energy Commission since its birth. It is as though they 
constitute a protective shield surrounding the actions of the Commis¬ 
sion, making them almost as impervious to attack as are the various 
containments that shield the reactor itself.” 

Mrs. Jalet's arrow struck just a litde off the mark, however. For if 
die “various containments that shield the reactor itself” were indeed as 
impervious to attack as the rules and regulations with which the AEC 
is clad, this nation would have no cause to be alarmed about the menace 
of atomic power. 




















































CHAPTER XIV 


Of Practical Value? 


‘You will recall the oft repeated statement in those days that electri. .,1 
power from atomic reactors would be so cheap that it would not cv< „ 
be worthwhile to meter it/’ Senator Thruston Morton reminded il„ 
enate in his February 29, 1968 speech proposing a re-evaluation «.< 
the atomic power program. 

A variety of rationales has sustained the thrust of the atomic pour, 
industry since the end of World War II, but none has been more con, 
pellmg than that of fabulously cheap energy. Who perpetrated it? No 
one, actually; like all others, it sprang out of this nation’s initial in 
fatuation with the peaceful atom’s promise, and was nurtured collir 
five y y government, business, and public. Perpetuation of the myili 
is something else entirely, however. For atomically produced electricih 
long ago proved to be an economic disappointment, and at the prese n 1 
moment may be shaping up to be an economic catastrophe. By quietly 
absorbing the losses and displaying a confident fagade to the public 
usiness and government have managed to keep the adjective “cheap' 
pretty firmly lodged in the public mind. How much longer the word 
wi 1 stay there, as consumers scrutinize rising electric bills and stock 
Holders study discouraging statements, is a matter of conjecture. 

As we pointed out in our discussion of the Atomic Energy Comm is 
sion, the business community at large was a reluctant partner in atomic 
power from the outset, in the early 1950s, until the mid-1960s. Duriny 
that period, the businessman cautiously observed developments in the 
various Government or Government-supported demonstration programs 
and was not overly impressed with what he saw. All sorts of unforeseen 
problems, many extremely serious, had caused breakdowns and delays 
and these had proven quite costly. If the ledgers did not show appalling 
losses it was because Uncle Sam, directly or indirectly, was entering 
giandiose sums in the accounts receivable columns. By mid-196? the 
Government had sunk, into research and development of nuclear re 
actors, about $3,416 billion, of which $900 to $1200 million was 
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• nmnted to be related to civilian applications. At the same time, 

1 11\.lie utility plant costs, research and development in reactor technol- 
1 \ amounted to about $520 million, roughly half of the Government 
•uiribution. 

\mong the direct subsidies paid by the U. S. Government to private 
industry were: (1) direct contributions to reactor construction costs; 

< ) ) research and development support; (3) five-year waiver of lease 
I urges on fuel. And among the indirect subsidies were: (1) low 

i miranteed charge for reprocessing irradiated fuel; (2) high guaran- 
iiul buy-back prices for by-product plutonium for weapons use; (3) 
undefined costs in waste disposal; (4) Government indemnity to cover 
1 In n 1-party liability claims in the event of major reactor accidents. 

Yet all the king’s treasury could not make atomic power a genuine 
uonomic competitor, and that fact was becoming apparent to many 
ilmughtful men like Adolph Ackerman, a distinguished consulting 
rngineer. On April 28, 1965, Ackerman delivered a most enlightening 
I'.iper before the American Power Conference in Chicago, Illinois, 

1 Inscribing the unreliability, danger, and costliness of power reactors. 

I he figures he produced on costs and performance of eight atomic 
I'I.mts must have caused great unease among the conferees, for those 
figures clearly indicated the illusory nature of all claims to nuclear 
Miinpetitiveness. First, he pointed out that of the eight plants, only 
"in'-the Dresden at Morris, Illinois—had been completed at the cost 

< ii iginally estimated. As for the others: 

1. The Yankee plant, Rowe, Massachusetts, had originally been 
estimated at $40 million; it ended up costing $50 million, of which 
$9 million, or 18 per cent was directly contributed by the U. S. 
Government. 

2. The Indian Point plant in Buchanan, New York, had originally 
been estimated to cost $55 million; it ended up costing $134 
million, more than 2.4 times the original quotation. 

3. The Big Rock Point plant, Big Rock Point, Michigan, had 
originally been estimated to cost $34 million; it ended up costing 
$37 million, of which $6 million was directly contributed by the 
U. S. Government. 

4. The Hallam plant, Hallam, Nebraska, had originally been esti¬ 
mated at $67 million; it ended up costing $84 million, of which 
$63 million, or 75 per cent was directly contributed by the U. S. 
Government. After numerous difficulties, it was permanently shut 
down. 
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5. The Humboldt Bay plant, Humboldt Bay, California, had ... 
inally been estimated at $20 million; it ended up costing 
million. 

6. The Elk River plant, Elk River, Minnesota, had originally I •« 
estimated at $13 million; it ended up costing $18 million, of'win. I. 
$16 million, or 89 per cent was directly contributed by the II 
Government. 

7. The Enrico Fermi plant in Lagoona Beach, Michigan, had onr 

inally been estimated at $62 million ($45 million if turl. 

generating and associated equipment are excluded); it ended n| 
costing $109 million, of which $8 million was contributed by if 
U. S. Government. And that was before the accident, which l>. 
kept the plant shut down for over two years. 

Ackerman also produced data illustrating the capacity factor of e;n li 
plant. The capacity factor measures the average amount of pow<. 
produced annually by a plant, in terms of kilowatts, as against 1 In 
plants rated capacity. Thus if a plant is officially rated as capable <»l 
producing 100,000 kilowatts, and it only averages 50,000 kilowatts I'm 
the year, its capacity factor is 50 per cent, which is obviously ratlin 
poor. Here are the figures on the eight plants surveyed by Ackerman 


1. Dresden 

2. Indian Point 

3. Yankee 

4- Big Rock Point 

5. Hallam 

6. Humboldt Bay 

7. Elk River 

8. Enrico Fermi 


i960 1961 1962 1963 1964 
22% 33% 73 % 54 % 56% 
28% 38% 26% 
25% 76% 55% 69% 78% 

- 35% 36% 

~ - 20% 15% 

- - - 78% 77% 

1% 31% 


Ackerman then reviewed the operating histories of six of the eight 
plants. Two of these we have already described: the Fermi, which has 
been off the line for two years following its accident, and the Hallam, 
which was permanently decommissioned after a plague of difficulties. 
The others were almost as dismal; we reproduce here one of them: 

Indian Point Atomic Power Plant-a 255,000 electrical kilowatt plant 
constructed thirty-five miles north of Times Square, New York, by 
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1 lie' Consolidated Edison Co. About two thirds of the capacity is 
provided by the reactor, the balance by oil-fired superheaters. 


Mar. 26, 1962 
Mar-May 

Aug. 2 
Nov.-Dee. 

April 1963 
June 

August-Sept. 


October 

November 
Jan. 30, 1964 


June 25 
Mid-Aug. 

September 25 


Provisional operating license granted by AEC. 

Fuel loading delayed for on-site mechanical 
modifications. 

Initial criticality. 

Outage of 6 weeks to correct piping deficiencies 
limiting power output to 50% of design value. 
Plant on line, after 8 months of test operation. 
Outage of 2 weeks for modifications. 

Outage of 6 weeks “for work inside the contain¬ 
ment vessel to which access is not permitted 
while tire reactor is critical.” 

Outage of 5 weeks for work inside containment 
vessel. 

Outage of 2 weeks to repair steam line. 

Shutdown for inspection of fuel elements and 
installing new stainless steel liner in concrete 
canal. 

Operation resumed after 5 months’ shut-down. 
Resumed full-power (off full-power for total of 
6V2 months). 

Shut-down to correct leaks in boiler tubes and 
in primary coolant pump. . . . 


As discouraging as these data were, the Government refused to bow 
to the growing increment of negative evidence and experience. Instead, 
it asserted that no conclusive assessment of the economic value of 
atomic energy could be made until the giant reactors then on the draw¬ 
ing boards—theoretically economical if situated close to population con¬ 
centrations—had been given a chance to show their stuff. 

The sticking point, of course, would come over the issue of safe¬ 
guards: Would higher costs of engineering, necessary to protect the 
public against reactors built so close, wipe out savings gained by put¬ 
ting the plants up nearer to our cities? The issue was well stated by 
Paul E. Gisiger in the Journal of Professional Practice , “Proceedings 
of the American Society of Civil Engineers”: “No weight should be 
given in this to the complaint that long transmission lines will increase 
the cost of atomic power,” Gisiger argued. “If atomic power is to be 
truly competitive, it must be able to absorb the cost of making it safe, 
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just as water power must absorb tbe cost of transmission lines as well 
as that of making clams strong enough to prevent failure and con 
sequent disaster.” 

That the industry was failing to match its ambitions for large u 
actors with adequate safeguards was suggested in 1967 by Milton 
Shaw, director of the AEC’s Division of Reactor Development and 
Technology, in a summary statement of the Commission’s development 
0 criteria, standards, and codes. “It is not known how much industi\ 
is spending currently on nuclear safety research,” the statement said, 
but it is not apparent that the effort is commensurate with the current 
level of business or with the extrapolations in design being made by 
the manufacturers on engineering and technology.” Thus the argu 
ment, heard frequently in the mid-1960s, that nuclear power was “com 
ing into its own” economically was valid only because the true cost of 
safety was not being taken into account. 

But such discrepancies will out, either in the form of accidents or as 
costly shutdowns, construction delays, and other problems reflecting 
premature applications of technology. As a result of putting the carl 
before the horse, to mingle metaphors, the industry laid a lot of tech 
nological eggs, and the chickens hatched therefrom are now coming .0 
roost in the form of serious economic problems. 

Although capital costs for new plants and equipment have risen for 
fossil-fueled as well as atomically fueled utilities, the rise in the latter 
case has been far steeper. In July 1967 Nuclear Industry said that 
prices of nuclear steam supply systems had increased 30 to 50 per cent 
dimng that past year, and in February 1968 Milton Shaw told the 
JGAE that “over the last year or so some nuclear steam supply system 
costs have increased up to about 40 percent and the costs of the rest 
of the overall plant have increased maybe 10 percent.” 

The same JCAE hearings brought out a similar admission by AEC 
Chairman Glenn Seaborg. Equally important, the reasons for these 
sharp increases were discussed as well. While higher costs of construc¬ 
tion labor and materials were acknowledged, one Committee member 
wondered how much the boost “reflects making up deficits which might 
have been incurred by industry prior to that time-when, because the 
market wasn’t there, they were for a temporary period assuming these 
costs, and now perhaps are trying to recoup those costs.” Seaborg said, 

1 don t know; I just don’t have that information.” 

But if the chairman of the Atomic Energy Commission didn’t have 
that information, someone else did. Resources for the Future, the 
organization that has served in an official advisory capacity to the 
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(!<ivcmment in matters of energy management, suggested in its an- 
mi 1,11 review for 1967 that many manufacturers were now trying to 
mover money lost during earlier developmental days. ‘Tor some time,” 

1 lie review stated, “the suspicion has been voiced that the major equip¬ 
ment manufacturers were quoting prices that did not fully cover their 
nu n costs of development and production and that the scales were thus 
temporarily tipped in favor of nuclear plants. This received a degree 
• •I confirmation in early 1967 when General Electric, in its 1966 
Annual Report, acknowledged that . . earlier commitments made to 
win customer acceptance of this new technology continue to affect 
■ .linings/ ” 

The consistent failure of industry to anticipate costs is in evidence 
everywhere. In March 1968, for instance, Virginia Electric Power Co. 
.lid the cost of its two-unit Surrey nuclear station had increased, in 
only ten months, from $238 million to $255 million. That very same 
month, the Bolsa Island nuclear power desalting project was reported 
10 be suffering from tremendous increases, from an original estimate of 
'1^24 million to $444 million, with the possibility voiced that it might 
end up costing $750 million before the spiral ended. The Federal 
(Government’s 1968 estimate of the cost of desalting sea water at Bolsa 
Island rose from its 1965 prediction of about 22^ per thousand gallons 
to 35—37^. Even these figures were challenged by Representative John 
I*. Saylor, who was reported to predict that the Government’s Saline 
Water Program, of which Bolsa Island was a part, would report to 
Congress in 1969 that the estimate had gone to 40-45^ per thousand 
gallons, and that it might even go to 50-55^ later. On August 1, 1968, 
a coal newsletter reported that Southern California Edison Company 
had withdrawn from the Bolsa Island project because of raised costs. 
Most significantly, Water Desalination Report stated that “teaming 
with nuclear on any project may be a luxury desalting can no longer 
abide” 

In June 1968 the Long Island Lighting Co. reported that anticipated 
costs of a nuclear plant it planned to build near Brookhaven, New 
York, had escalated from $65-75 million to $127 million, principally 
reflecting rising costs of labor, material, equipment, and financing. 
The Government, too, was having trouble keeping costs down, and 
increases on one project, the Advanced Test Reactor, seemed to spring 
up year after year like perennial weeds, as this dialogue between 
John T. Conway, executive Director of the Joint Committee on Atomic 
Energy, and a number of AEC officials, shows: 
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MR. CONWAY: . . . When you first came before the comm in 
and requested authorization for that project for fiscal year 1961. 1 
was estimated it was going to cost you $24 million. The follow i,. 
year you had a supplemental authorization which raised it to 1. ( 
million. Now since then nearly every year you have been adding 
that. Your estimate in 1963 was $47 million. Then in 1966 v ,„ 
were estimating the cost would be $51.9 million. Last year, you 
mated it would be $55.3 million. Now the most recent estimate tli.ii 
we have received as of January this year is $58.1 million. 

MR. SHAW: That is correct. 

MR. CONWAY: Are these costs going up because of the valve 
problems and piping, or was it very poor estimations originally? 

DR KAVANAGH: Let me answer that. My fellow witnesses wen 
not here at that time, but I was. The first problem was poor cm, 
mating. There is no question about it. That is what led to the rapid 
increase m the total authorized price in the first few years. I believe- 
that the problem since then has been the other type of problem you 

have talked about. But there was an estimating problem in the early 
days. 

The increased problems, delays, and costs connected with nuclear 
power generation have reached the point where a number of utilities 
have begun hedging their bets by ordering units fired by fossil fuel to 
go side by side with their reactors. Of great significance was an an 
nouncement made in June 1967 by the Tennessee Valley Authoriiv 
that it had purchased a 1.3 million kilowatt coal-fired unit, the largest 
ever built, along with a nuclear plant. In its announcement TV A said 
its analysis of the new coal and nuclear units “indicates that power 
from the two units will cost approximately 2.75 mills per kilowatt hour. 
A year ago when we contracted for our first nuclear units, they had 
an appreciable advantage in the calculated cost per Kwh generating 
compared to conventional units. Our calculations at that time showed 
a cost of 2.39 mills per Kwh from nuclear generation.” In other words, 
nuclear costs had jumped about 15 per cent in one year. 

The, following winter, Wallace Behnke, assistant to Commonwealth 
Ldisons president, told Electrical World’s Third Energy Transporta¬ 
tion Conference that because coal-fired and nuclear-fired electricity 
costs were approaching equality, his company would “continue to look 
at both alternatives,” nuclear and fossil fuels. “It is readily apparent,” 
he said, that nuclear generating costs have risen more rapidly than 
those for fossil-fueled generation, and today, nuclear’s margin appears 
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In he relatively small. Moreover, these figures do not reflect the cost 
r fleets of the recent increase in nuclear lead times, from approximately 
lour to nearly seven years, during a period when fossil unit lead times 
have increased only slightly. Time is money, and an increase in lead 
lime necessarily means an increase in the interest and other overhead 
costs. . . .” 

As if to hammer home its growing doubts, Behnlce’s company, Com¬ 
monwealth Edison, which according to one source “has gone in heavier 
(or nuclear power plants than any other U.S. utility,” announced in 
September 1968 that it was planning to build an 800,000-kilowatt coal- 
(ired generating plant. Chairman J. Harris Ward declared that the 
coal-fired unit would “serve as insurance against possible delays in 
service dates of some of the nuclear units now being built for us.” 

Official, if somewhat grudging, recognition of nuclear power’s 
economic difficulties came in May 1968 when Representative Hosmer 
of California told an Oklahoma City conference about some “unpleas¬ 
ant facts of life”: 

First: The trend of continually reduced economics in an environ¬ 
ment of steadily rising costs may exceed the capacity of even modern 
technology to counteract. In short, nuclear power may not be a uni¬ 
versal economic panacea. We may have to reconcile ourselves to 
some modest increases in power costs, at least until the breeder ar¬ 
rives in full force. 

Second: Construction delays, which are now so widespread in 
the utility business. While minor technical problems in conven¬ 
tional plants may have no effect on operating schedules, nuclear 
plants present special problems. 

And yet, in the face of these rather imposing “unpleasant facts,” 
Flosmer continued to be optimistic: 

I cannot fault the utilities for their enthusiasm for nuclear power. 
Basically, they are betting that the dynamism of the nuclear in¬ 
dustry will continue to spawn technological and economic improve¬ 
ments and help alleviate environmental problems. Their hope is that 
five or six more years of experience will smooth out some of the 
wrinkles in the nuclear field, particularly on the regulatory side. I 
think it is a good bet—not a sure thing but a very good bet neverthe¬ 
less. [His emphasis.] 
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More guarded optimism-optimism so qualified one wonders wheilin 
it can be called optimism at all—was voiced at a two-day nuclear povvn 
briefing in Washington sponsored by the Federal Bar Association. Tin 
speakers were both internationally recognized experts on power genci.i 
tion, Philip Sporn, retired president of the American Electric Powei 
Co., and Murray Joslin, retired vice-president of Commonweal)li 
Edison. Mr. Sporn, reminding his audience that proper evaluation <>i 
nuclear plants involves more than “simply comparing bid prices,' 
stated. It still remains to be proven whether the glitter that has m 
tracted the phenomenal nuclear capacity orders of the past few year 
is just merely that, or whether it has a more substantive basis.” M i 
Joslin, after citing some of the problems in nuclear plant construction 
involving cost increases and the unreliability of present cost estimates 
for future decisions, declared: 

... I continue to be optimistic about the future of atomic power 
despite the current problems too often—I am afraid and I am guilty, 
too—laid entirely at the doorstep of the regulatory authority. This 
optimism is long-term, however, because the present picture is not 
as blight as I once hoped it would be. The darkest element is the 
delay in making schedule, which seems to threaten most of the large 
projects. This can be extremely serious and I feel sure that fossil 
projects of both baseload and peaking types will have to be rushed 
in to rescue the nation’s capacity situation. 

Thus, even if the nightmare of a nuclear power plant disaster docs 
not focus attention on the inadequacies described in these pages, 
atomic power may still have an economic day of reckoning ahead when 
the industry is forced to confront the emptiness of its myth of cheap 
electricity. Such a confrontation will, it is very possible, take place 
over the issue known as “Practical Value.” 

What does “Practical Value” mean? 

The Atomic Energy Act of 1946 stipulates that whenever, in the 
opinion of the Atomic Energy Commission, any industrial, commercial, 
or other non-military use of atomic energy has been sufficiently de¬ 
veloped to be “of practical value,” the Commission is obliged to report 
to that effect to the President, so that the political, economic, and 
social implications can be evaluated and acted on. On a number of oc¬ 
casions, the AEC has been petitioned to make a formal declaration of 
the practical value of atomic power plants, and on each occasion the 
Commission has declined to do so, reaffirming its policy of licensing 
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nil reactors under the section of the Atomic Energy Act pertaining to 
iln clopmental reactors, not commercial ones. 

The Commissions stated reason for this refusal is that only now 
li i*. industry begun building reactors of a size viewed as commercially 
M.mpetitive with fossil-fueled power plants, so that “pending the com- 
l»lrijon of scaled-up plants, and the information to be obtained from 
ilu-ir operation, there has not yet been sufficient demonstration of the 
. - .si of construction and operation of light water, nuclear electric plants 
in warrant making a statutory finding of practical value.” 

The significance of this statement cannot be overestimated. Let us 
consider it. 

We have been stating that because power reactors of the size 
planned for the 1970s have never been built or tested in this country, 

11 icy must be regarded as nothing more or less than gigantic experi¬ 
ments. Undoubtedly most readers will have interpreted this statement 
ns a mere figure of speech. After all, the total non-Federal capital in¬ 
vestment in atomic power is estimated to be between seven and ten 
billion dollars. That money will buy over a hundred reactors producing 
Mime 73,000,000 kilowatts of electricity to light the towns and cities 
of the United States. AEC Chairman Seaborg has recently forecast a 
total nuclear capacity of 150,000,00c kilowatts by 1980, representing 
.in investment of more than twenty-two billion dollars by private utility 
companies. This electricity will be paid for by you, the consumer. 

It is only natural, then, to take for granted that atomic power is 
nothing if not a commercial operation. 

However, as formally defined by the “Practical Value” clause of the 
Atomic Energy Act, atomically produced electricity is still in the re¬ 
search and development stage. In other words, the nuclear power plant 
going up outside your community is officially an experiment. 

This “Practical Value” business appears to be a constant source of 
embarrassment to the Atomic Energy Commission, for it puts the Com¬ 
mission in a very difficult position. If it does not find atomic power to 
be of practical value, what are we doing building reactors of unprece¬ 
dented size so close to population centers? On the other hand, if tomor¬ 
row the Commission did find nuclear power plants to be of practical 
value, much of the direct and indirect subsidization now given the 
utilities to assist their “research and development” would have to be 
curtailed, placing burdens on private operators which are now borne 
by LIncle Sam. Because these burdens would, it will be demonstrated, 
be intolerable, a finding of practical value for the nuclear power plants 
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would reveal them for the impractical, uneconomical, and hazardou 
things they are. 

The glaring contradictions in the AEC's approach to nuclear povvn 
are nowhere more apparent than in an attempted intervention in ili< 
licensing of a nuclear plant in South Carolina in 1967, when for tin 
first time the question of practical value was actually raised in licensing 
proceedings. Duke Power Company had applied to build a three-uni 1 
2.6 million kilowatt nuclear facility at Oconee, South Carolina. A 
group of eleven North (sic) Carolina municipalities organized a . 
Piedmont Cities Power Supply, Inc., challenged the application on 
the grounds that the installation would create a monopoly situation. 
The AEC regulatory staff denied the intervention, claiming that anti 
monopoly provisions were not applicable to research and development 
licenses—only to commercial ones. And since all reactors licensed by the 
AEC are for research and development by technical definition, the 
intervention was invalid. Duke Power's annual report, however, de 
fined the Oconee nuclear plant as a “commercial nuclear station" and 
proposed financing the installation as a commercial unit. This incon 
sistency did not prevent the AEC’s Atomic Safety and Licensing Board 
from issuing construction permits on all three units that fall. Such 
inconsistency did, however, provoke Senator George Aiken of Ver¬ 
mont, early in 1968 in discussing practical value, to declare, “While 
a utility is applying to the AEC for a license as a research project, the 
utility officials go down the street to the Securities and Exchange Com¬ 
mission and ask permission to issue stock as a profit-making corpora¬ 
tion." 

In June 1968 the Commission again was challenged on this point 
when the City of Dover, Delaware, filed exceptions to an application of 
Philadelphia Electric Co., Delmarva Power and Light, and Atlantic 
City Electric to build two reactors at the Peach Bottom station in York 
County, Pennsylvania. Were the Peach Bottom units experimental or 
commercial? Once again, the AEC ruled that such plants did not 
qualify for “practical value status." 

Perhaps tiring of being displayed prominently on the horns of the 
“practical value" dilemma, the Commission, around the same time as it 
issued the Peach Bottom decision, sent a bill to Congress seeking repeal 
of the “Practical Value" provision of the Atomic Energy Act. This 
would, of course, have the effect of doing away once and for all with 
the distressing distinction between developmental and commercial 
facilities. At this writing the bill—introduced by Senator John O. 
Pastore, chairman of the Joint Committee on Atomic Energy—is being 
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considered by Congress, as well as one resembling it prepared by the 
Joint Committee itself. 

II' passage of such legislation were disputed, could the atomic energy 
. iiiiblishment make a case for the practical value of nuclear power 
plants? Perhaps—if no one raised the explosive issue of insurance. 

In the following chapter the explosive issue of insurance will be 

utised. 





















CHAPTER XV 


The Hazard Is New 


Go to your strongbox. Open it and take out your homeowner’s policy. 
Kun your finger down the column headed PERILS INSURED 
AGAINST.. Do you find anything covering your property for radioac 
tive contamination resulting from accidental discharge of radioactivily 
from an atomic facility? 

No? Perhaps it’s elsewhere. Keep going. Ah, there’s something: 
Nuclear Clause. But wait. It says: “This policy does not cover loss 
or damage caused by nuclear reaction or nuclear radiation or radioac¬ 
tive contamination, all whether direcdy or indirectly resulting from an 
insured peril under this policy.” 

™ ay want t0 ca ^ y ou r broker to ask whether this clause means 
that if the reactor going up outside your city has an accident and the 
fallout contaminates your property, you cannot recover. He will tell 
you that that’s precisely what it means. He may even be aware that 
Lloyd s of London itself will not write such a policy. He may tell you 
not to worry, that such an event is highly improbable, but you will 
wonder why, if it is highly improbable, no one will insure against it. 

. ou , 1 an insurer make a fortune insuring against the highly 
improbable? & 

Your broker will inform you that although nobody will insure your 
property against radiation damage, reactor operators are “heavily” in¬ 
sured against claims. A $74 million indemnification put up by in- 
surance pools is backed up with another $486 million guaranteed by 
the U S. Government. Altogether, over half a billion dollars could be 
funded to compensate victims, an unprecedented sum. 

Impressive though this figure will sound at first, it will be recalled 
that the Federal Government estimated-in 1957, when much smaller 
reactors were being built much farther from our cities than today-that 
a major atomic plant accident could cause property damage alone in 
the billions—as high as seven billion dollars. Even at this figure, sup¬ 
posing the worst, where would the other six billion plus come from? 
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\»ul what about life and health insurance? Your policies probably 
«'vrr you for radiation injury or death, but if property claims alone 
in reach seven billion dollars, life and health claims would be equally 
1 inhering, would they not? Possibly large enough to wipe out even the 
biggest insurance companies. 

I bese vexing questions might lead a curious insurance broker to 
wonder whether the public is being told everything about atomic power 
I'bints. And if he decided to follow up his curiosity about the anomalies 
in nuclear insurance, he would learn some very interesting things. 

I le would learn, first of all, that the atomic power program was in 
big trouble in the mid-1950s because neither the utilities nor the re¬ 
in tor manufacturers were able to calculate the astronomical damages 
llmt would result from a major accident at an atomic facility. Even if 
they had been able to do so, the insurance companies weren’t prepared 
In put up indemnification even approaching the amounts necessary. 
In 1955 an advisory committee of representatives of the insurance com- 
| >;iny had been appointed by the AEC to study this problem, and two 
significant findings were made: The first was that in order to cope 
with the nuclear risks, a property and liability pool would have to be 
formed by the country’s stock and mutual insurance companies. The 
second was that even with such a pool, the industry would not be able 
to offer satisfactory public liability insurance on atomic power in¬ 
stillations. 

The feelings of the insurance industry were well expressed in 1956 
by Hubert W. Yount, vice-president of Liberty Mutual Insurance 
Company. After considering possible consequences of a major nuclear 
plant accident, Yount was forced to declare to the Joint Congressional 
Committee on Atomic Energy: 

The hazard is new. It differs from anything which our industry 
has previously been called upon to insure. Its potential is still un¬ 
known and must therefore be calculated currently in terms of a 
body of knowledge which is expanding from day to day. . . . 

Very few insurance companies have had any opportunity to de¬ 
velop first-hand knowledge of the problems involved because of the 
present limited scope of operation. By the same token, very few 
insurance companies have developed trained technical personnel to 
assist their underwriting personnel in insurance evaluation of the 
hazards involved. . . . 

The catastrophe hazard is apparently many times as great as any¬ 
thing previously known in industry and therefore poses a major 
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challenge to insurance companies. ... We have heard estimau- 
catastrophe potential under the worst possible circumstances .<>>. 
ning not merely into millions or tens of millions but into himdu .1 
of millions and billions of dollars. It is a reasoimble question of i>ul 
-policy as to whether a hazard of this magnitude should he pern,in, I 
if it actually exists. Obviously there is no principle of insui.m. 
that can be applied to a single location where the potential l 
approaches such astronomical proportions. Even if insurance owl ! 
be found, there is a serious question whether the amount of damn 
to persons and property would he worth the possible benefit accrnn, 
from atomic development. [Emphasis ours.] 

That Yount was not content to confine his remarks to the dulii.m 
insurability of atomic power plants but took it upon himself to quest ion 
the wisdom of the entire program is an extraordinary indication of iln 
depth of the insurance industry’s reservations. 

Their own anxieties now strongly reinforced by those of insurer 
private developers of atomic power had to tell their Government that 
unless someone was prepared to indemnify them, they could not pm 
ceed widi an enterprise so fraught with unknowns and risks. 

It was thus to head off a major rebellion of private industry that tin 
Federal Government proposed legislation aimed at removing this chid 
obstacle to forward progress. That legislation, passed in 1957 M i 
known as the Price-Anderson Act, named after its sponsors, Senam, 
T „ mt ? n ^^erson °f New Mexico and Congressman Melvin Price d 
Illinois, members of the Joint Committee on Atomic Energy. 

The Price-Anderson Act provided for Federal funds of $500 million 
to be made available for the settlement of damage claims resulting from 
a nuclear power plant accident if the insurance purchased by the plain 
operators proved insufficient. Since at that time the insurance pools 
were willing to put up $60 million altogether, the total amounted to 
^>560 million. Beyond that ceiling, however, all obligation, both of the 
plant operator and the Government, ceased. A recent change in the 
Act has raised the insurance pool fund from $60 million to $74 million, 
and lowered the Government fund from $500 million to $486 mill ion. 

. e im P 01 'tant tiling is that under present law no more than $560 
million is provided to compensate victims of a nuclear plant disaster. 

We have it on the testimony of Representative Price himself that his 
Act was pretty much responsible for averting economic disaster in the 
atomic power field at that time. In an interview over ABC Radio in 
August 1966, Price was asked if it had originally been impossible for 
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private industry to get insurance against atomic power plant accidents. 
I It* answered: “That's correct. The power development program was 
bogged down; there was nothing but studies back in the early fifties, 
imd it wasn't until passage of the Indemnification Act, known as the 
Price-Anderson Act, incidentally, that the program got off the ground 
mid they started to build plants. The utilities, or the manufacturers of 
these vessels and reactors, wouldn't risk going into this uncharted area 
without some type of indemnification protection." 

I Jut if the atomic power industry received its biggest boost from the 
Price-Anderson Act, it was almost entirely at the expense of the Amer¬ 
ican public, for it meant that We the People were assuming liability 
l or someone else's risks. 

Furthermore, we weren't even getting a very good policy. In the 
event of the maximum credible accident, w 7 hich the Government had 
asserted could cause as much as $7 billion in property damage alone, 
(he insurers w r ould not be able to make good on more than $560 
million, or 8 per cent of the total damage claims. The other 92 per cent 
would come out of our pockets to pay for uninsured damages. As 
I < )r those of us who recovered less than the losses sustained, or recovered 
nothing whatsoever—well, that's life. Since you, through your billions 
of dollars of subsidy-supporting taxes, are responsible for the existence 
of the atomic power industry, it is only fair and proper that you should 
pick up the lion's share of the bill for damages, is it not? That would 
appear to be the implicit philosophy behind this insurance plan. 

It is worth reminding the reader that seven billion dollars in property 
damages was an early estimate, and that developments since 1957, as 
we have demonstrated, could conceivably cause a catastrophe with a 
far higher price tag. Yet no matter how substantially all other industries 
and the public are exposed to potential bankruptcy, the nuclear in¬ 
dustry is protected by virtue of the “no recourse” provision of the Price- 
Anderson Act. 

In the commercial market place the imposition of liability has always 
served, among other purposes, to discourage management from proceed¬ 
ing with potentially hazardous enterprises by making it intensely aware 
of its financial obligation should that enterprise prove harmful to the 
public. As a result of the Price-Anderson Act, however, the nuclear in¬ 
dustry w r as released to proceed with its hazardous enterprise secure in 
the knowledge that its annual insurance premium on sixty million dol¬ 
lars worth of indemnity per nuclear power plant constituted the limit 
of liability against damages that could amount to fifty or a hundred 
times sixty million dollars, or more. Accordingly, one of the traditional 
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and fundamental balances to caution was removed from the scale 1 
Temptation to cut cost, in an industry in which engineering safely 1 
expensive, was no longer counteracted by fiscal responsibility. Ami 
since Price-Anderson coverage was extended to liability of third panic 
such as reactor manufacturers, they too were relieved of a good de.il 
of legal compulsion to honor the yellow light of caution. 

If the reader feels anything less than despair at the prospect of heinc 
compensated, it is undoubtedly because he clings to the hope of Ix’inr 
awarded some of the $560 million that is supposed to be made avail.1 
ble for that purpose. Unfortunately, survivors of an atomic plant ra 
lamity might discover their woes compounded by a Congress uncertain 
about its obligations—so that even that $560 million might not be totally 
freed, or freed at once, to aid the ailing and the destitute. Speaking 
before the House early in August 1965, Representative Robert T. 
Secrest voiced the opinion that serious questions of liability and con 
stitutionality were inherent in the Price-Anderson Act, and that unlcv. 
time-consuming litigation was avoided, it seemed “logical to assume 
that several years will pass after an atomic power plant accident before 
any funds can actually be paid to persons injured.” 

It is most significant, Secrest pointed out, that even the Atomic En 
ergy Commission expressed serious reservations about the constitutional 
lty of the Price-Anderson approach to indemnification. On page 43 of 
the 1956 Governmental Indemnity Hearings transcript can be found 
this statement made by the AEC before the Joint Committee on Atomic 
Energy: We have carefully considered the approach of limitation of 
liability and do not recommend this method primarily on account of 
doubts as to constitutionality of this approach. Also limitation of li¬ 
ability does not offer the degree of protection to the public that is of¬ 
fered by the indemnity or reinsurance approach.” 

Despite the AEC’s own misgivings, the Price-Anderson Act was car¬ 
ried. Supporters of the plan assembled a number of arguments for the 
Acts constitutionality should the matter come to a court test. But Con- 
giessman Secrest, reviewing those justifications in his House statement 
in 1965, cast doubts about their validity. For instance, it was assumed 
when the Act was passed that plutonium produced in power plants 
might be needed for military purposes. That need, Secrest pointed out, 
has been filled. Secondly, in 1957 the law provided that all atomic fuel 
must be the property of the U. S. Government, but under “private 
ownership” legislation enacted since Price-Anderson, that is no longer 
true. Thirdly, Secrest thought the bankruptcy power of Congress 
would not justify the constitutionality of the Price-Anderson Act’s no¬ 
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in ourse provision. Bankruptcy power presumably applies only in the 
event of actual or threatened insolvency. “It hardly seems proper to as- 
mne that the bankruptcy power gives Congress the authority to com- 
pldcly eliminate financial responsibility for damages without even 
lunching the assets of the utility involved.” 

Secrest’s last point was telling: 

It does appear that Congress has jurisdiction over the construc- 
lion and operation of atomic power plants because of the commerce 
clause. Even so, the delegation of jurisdiction under the clause does 
not give us complete constitutional authority to act as we wish, with¬ 
out limitation. Whatever laws we pass under the commerce clause 
will not be constitutional unless they are reasonable and appropriate 
means to a lawful end. There is very serious question as to whether 
or not an act of Congress giving complete immunity from responsi¬ 
bility for negligency constitutes a reasonable and appropriate means 
to a lawful end. 

Intimately connected with questions of constitutionality are those 
1 u rounding the matter of liability. A substantial body of law main- 
t.iins that the owner-operator of a dangerous enterprise must assume 
lull financial responsibility for the destructive effects of that enter¬ 
prise, and that, as one court decision puts it, “the person who for his 
own purposes brings on his land and collects and keeps there anything 
likely to do mischief if it escapes, must keep it at his peril and if he 
does not do so, is prima facie answerable for all of the damage which 
is the natural consequence of its escape.” It might therefore be main- 
lained that the absolute cutoff of liability now guaranteed private in¬ 
dustry by the Price-Anderson Act was unlawfully granted, and liability 
should be pinned back on the concerns that shed it when the Act 
was passed. The Insurance Counsel Journal , in January 1963 predicted 
1 hat as a result of this issue of “strict liability,” there would be “plenty of 
lawsuits.” 

Although members of the two houses of our Federal legislature would 
he horror-stricken if an atomic plant catastrophe occurred, they would 
•.1 ill wish to be on certain ground before releasing damage awards, and 
opponents in those houses might resort to a number of legal defenses 
against full assumption of liability. For instance, suppose the reactor 
accident had resulted from an earthquake; might not Congress try to 
claim that damages resulting from such an Act of God were not 
insurable? Or suppose foreign sabotage could be proved; might not 
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Congress try to claim that an Act of War invalidated damage claim 
Consider another view: Acts performed in pursuance of a public duly 
or for national defense or security may exempt those performing 
those acts from liability for resulting damages. Since the atomic ennr\ 
program is founded on the principles, as stated in the Atomic Enur\ 
Act of 1946, of “improving the public welfare, increasing the standiiJ 
of living, strengthening free competition in private enterprise, and pm 
moting world peace,” might not our Government try to claim that 1 In- 
reactor accident occurred in pursuance of public duties? 

Many other questions would be raised should tragedy strike, and 
even a brief outline of some of the issues that might be brought t<» 
court will make it readily apparent that much new legal ground may 
have to be broken before damages can be properly assessed and com 
pensation disbursed. 

Formulas would have to be established to determine priorities. Would 
an individual who suffered immediate illness from a high dose of radia 
tion be entitled to compensation ahead of one whose exposure to a 
smaller dose might not produce harmful effects for years? How would it 
be determined that cancer and leukemia were directly attributable l<> 
radiation exposure experienced at the time of the accident? Since there 
does not seem to be a threshold below which radiation is harmless, 
would the courts be obliged to hear claims from people who believed 
their lives had been shortened appreciably by minute doses of radia 
tion? Will the cost of evacuation and decontamination of an area be 
recoverable? If radiation causes damages to a parent’s genes, might a 
deformed child be entitled to bring action? If die disaster carried 
damage claims beyond the $560 million limit, how would further claims 
be handled? Which would take precedence, and how would funds be 
apportioned? 

The machinery for dealing with some of these questions exists in the 
original Price-Anderson Act and in subsequent amendments, but just 
how fast that machinery would move is open to debate. Our court sys¬ 
tem is already staggering from an unprecedented volume of claims; 
auto accident litigation alone is, in many areas of the country, years 
behind reasonable schedule. Recent revision of the Act has set up ways 
and means of expediting payment, but even if Federal aid were put on 
an emergency relief basis, would that aid be speedy? After the Alaskan 
earthquake of 1964, for instance, it was complained that Congress was 
slow to appropriate even fifty million dollars for damages estimated at 
some five hundred million dollars; and that tragedy was a fairly cut- 
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Mini dried instance of an Act of God, where no complex questions of 
human liability or constitutionality were involved. 

So important has the Price-Anderson Act become to the nuclear in¬ 
dustry that, at hearings held in June 1965 on the extension of this law, 
which was due to expire in 1967, representatives of several utilities tes¬ 
tified that unless it was extended they would “probably not” build addi¬ 
tional nuclear plants at present. Mr. Mel Frankel, on behalf of the 
I Vpartment of Water and Power, City of Los Angeles, stated for ex¬ 
ample that: “Without the protection which presently is provided by 
the Price-Anderson Act, it is doubtful that any utility would consider 
it prudent to build nuclear plants.” Several utility representatives con¬ 
firmed this, and the following year Philip Sporn, one of the most highly 
regarded authorities on electric power, declared in a review of nuclear 
power economics that “Price-Anderson insurance is absolutely essential 
to the continued development of nuclear power. Its elimination would 
choke off the construction of nuclear power plants.” 

The Act was extended until 1977, but a basic question has never 
been answered. For if utilities are sufficiently convinced of the safety 
of nuclear plants to be willing to gamble with the lives, health, and 
property of the public, why are they not equally willing to assume fi¬ 
nancial responsibility for accidents at such plants? It was this line of 
reasoning that produced a move by Congressman Leonard Farbstein of 
New York to make utilities and manufacturers responsible for an addi¬ 
tional hundred-million-dollar indemnification beyond the amount guar¬ 
anteed by the insurance pools. It was never passed. 

Harold Green, the attorney whose views have shed considerable light 
in this book on other legal aspects of atomic energy, illuminates the 
matter of insurance, too, noting that “although the licensing of nuclear 
reactors proceeds on the assumption that there are no undue risks to 
the public, the Price-Anderson Act is bottomed on the premise that 
operation of a nuclear reactor involves undue risk to industry. The 
public assumes the very same risk of a serious accident that the utilities 
and equipment manufacturers are unwilling to assume and against 
which they are indemnified by the Government. The only sop thrown 
to the public is some assurance that funds will be available to provide 
compensation for damages incurred if liability can be established. The 
paradox Green has formulated has been stated with eloquent sim¬ 
plicity by another critic, who phrased it: “If a thing isn’t insurable, it 
isn’t safe.” And an even less temperate characterization of the Act was 
given by Rolla D. Campbell, a lawyer of Huntington, West Virginia, 
in a letter inserted into the Congressional Record for July 16, 1965: 
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The license which AEC is authorized to grant to the operators ami 
manufacturers of an atomic plant can fairly be characterized as .1 
license to them, for their own financial benefit, to create huge risk 
to others, involving death, sickness, and property damage, withoui 
any liability whatsoever for the harmful consequences, and to thorn 
all such risks (over and above private insurance available) upon il„ 
U. S. Treasury and upon the persons suffering death, personal in 
jury, or property damage. . . .” 

These are some of the things your broker would learn when he do 
aded to explore the prospects of compensation for radiation damage 
due to an atomic power plant accident. There would be other avenues 
he might care to explore if he were industrious enough: the largely 
unformulated policy on insurance coverage for transportation accidenls 
involving nuclear materials, for instance. An amendment to the Price 
Anderson Act embraces such accidents, but the insurance pools have 
yet to establish codes in that area, and many forms of transportation 
are uninsurable when atomic material is involved. Or there is the mat 
ter of accidental^ releases of small doses of radiation which merely add 
to the harmful “radiation budget” growing each year in our environ 
ment. The Price-Anderson Act gives the AEC the exclusive right to 
declare what is a nuclear accident and what is not; yet the gradual 
seeping of radiation into our air and water represents a long-term health 
tlneat which even the grossly inadequate insurance we have does not 
recognize. 

“The hazard is new,” said the insurance man, and it is dubious that 
this nation will be in any better a position to deal with the economic 
hardships than it will be to handle the appalling suffering and dislo¬ 
cation produced by a major accident. 

Take another look at your homeowners policy. Reread the Nuclear 
Clause. 

Now what? 


CHAPTER XVI 


From Fissile to Fizzle 


Proponents of atomic energy like to awe laymen with the fact that one 
ton of uranium fuel is equivalent, in electricity-producing energy, to 
roughly 17,380 tons of coal. Out of this fact has emerged a widely held 
belief in the existence of an incredible bounty of inexpensive atomic 
fuel, of resources so plentiful that the question of depletion will not 
arise for hundreds or even thousands of years. And if the atomic power 
industry isn’t quite as optimistic as the public about our future nuclear 
fuel reserves, it is nevertheless investing billions upon billions of dol¬ 
lars in atomic power plants on the assumption that cheap fuel will be 
in supply for the indefinite future. 

According to a number of experts, however, around 1980 we will be¬ 
gin to feel a uranium finch, and ten years afterward shortages will be 
critical. Unless a fabulous lode is discovered—which even AEC officials 
believe dubious—and unless breeder reactors are perfected and built 
en masse by the early 1980s—even more dubious—the fuel of the future 
may be the fuel of the past before the twenty-first century gets under 
way. 

AEC Chairman Glenn Seaborg, addressing an investment forum in 
October 1968 sponsored by the brokerage concern Hayden, Stone, Inc., 
told his audience that the sharp increase in nuclear power capacity 
projected for the next two decades “has caused some concern” in the 
AEC about future supplies of uranium. It will require about 250,000 
tons of refined uranium ore to meet the utilities’ needs for fuel be¬ 
tween now and 1980, he explained, but by contrast—at the current 
official price of eight dollars a pound—economically recoverable ura¬ 
nium reserves total only 148,000 tons. The total economically recovera¬ 
ble reserves at ten dollars a pound would still come only to about 200,- 
000 tons. However, if an eight-year reserve inventory, which is modest 
as utility reserves go, is figured in, then we will need 650,000 tons of re¬ 
fined uranium to supply atomic power plants through 1980. By 1980, 
annual demand will be 40,000 tons, and 35,000 tons of uranium will 
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have to be discovered every year between now and 1980 to meet nrn|, 
Un that score Seaborg’s colleague, Commissioner Wilfred E. Johns,,,, 
has voiced serious doubts: ‘We can expect to have to search in do , 
locations, he stated before the Atomic Industrial Forum, “in areas 
presently known to be uranium-bearing, and eventually, in .,,, 
w iere present knowledge of uranium technology does not su W , , 
much chance of success. It is estimated that half a billion dollars will 
have to be invested to discover and delineate reserves by 1980. 

How, in view of our suppositions about a nearly limitless fund ,,( 

T 'm , ’ 8 ° Vemment and industI 7 managed to come up „ 
absurdly short? There are two reasons, both of them monumenis «. 
Human misjudgment. 

When the AEC reported on civilian nuclear power to the Preside,,, 
n 1962, it foresaw a U S. nuclear generating capacity of only 40,000 
000 kilowatts by 1980. No serious fuel shortage was anticipated to mcr, 
the resultant demand, but the AEC felt that after t 9 8o a problem would 
arise unless the technology for operating breeder reactors, which cre 

AEcX rTl , bUn ]’ W3S perfected ' In its 1 962 report (he 

as m ,l d h r should breeders be ser iously delayed, for example by 
bn c ? f-, a / eW decades > tbe high-grade uranium ore might be ex 
hauled while large amounts of uranium-235 were still required." 

One would think that the AEC would have reined in sharply the 
industry s movement toward construction of conventional reactors un 
til breeder technology could be perfected. Conventional reactors, the 
m. n °'j be “8 designed and built for generation of electricity in the 
coming decades are extremely wasteful affairs, converting only about 
1 per cent of the potential energy in their uranium fuel into actual 

igy. Breeders are not only supposed to be more efficient, but ideally 
will produce more than enough fuel to keep the atomic power prei- 
gram operating long into the future. So important did the AEC con¬ 
sider breeders that, in the 1962 Report, the Commission declared that 
nless a viable breeder program was developed, atomic energy’s “con- 

iveCenJTo,?' 8 ' ^ ^ W °“ ,d ** "™ h »* 

Without waiting to see whether breeders would work or not, how¬ 
ever, the AEC intensified its program of promoting fuel-wasting con- 
ventional reactors. And so intensely did it concentrate on that program 
, reIatlTC ly modest goal of 40,000,000 nuclear-generated kilowatts 

by 1980 was vastly surpassed by orders in the mid-1960s, presaging a 
huge dram on uranium reserves. As we have seen, nuclear plants with 
a total capacity of 72,939,700 kilowatts are at present operable un- 
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• l« 1 construction, or on the drawing boards—almost twice the capacity 
forecast in 1962—and in 1967 the AEC projected between 120,000,- 

>0 and 170,000,000 kilowatts as the U.S. atomic capacity by 1980— 
no less than three, and possibly a little more than four, times higher 
111.111 originally estimated. 

I lie disturbance which this pell-mell acceleration is causing in AEC 
and industry thinking is reflected in a number of comments drawn 
I mm recent papers and speeches. James A. Lane of Oak Ridge National 
I .a Moratory, in a presentation made in Vienna in September 1966, 
slated that if the number of reactors grew at the rate then forecast 
( llie rate has increased since, incidentally) and no breeders developed, 
l lie fuel requirements for conventional reactors would necessitate “the 
mining of all our reserves costing less than thirty dollars per pound 
l>y shortly after the year 2000.” The price generally accepted as com¬ 
petitive, remember, is eight to ten dollars a pound. 

Even if breeders do go into operation by 1980, it has been asserted 
that it will be too late for them to prevent the drain on uranium re¬ 
sources now occurring as a result of soaring orders for conventional 
reactors. J. H. Wright of Westinghouse, in the May 29, 1967, issue of 
I lectrical World , stated that an atomic power program operating at 
150,000,000 kilowatts (which is roughly the capacity anticipated by 
government and industry by 1980) will require two million tons of 
uranium before breeders, even if introduced in 1980, produce enough 
fuel to bring fuel creation and consumption into equilibrium in the 
year 2020. Yet it has been estimated that the probable U.S. maximum 
reserve of uranium priced at thirty dollars a pound or less is 1.5 million 
tons. 

One alternative frequently suggested is to buy uranium from over¬ 
seas suppliers. In order to protect domestic uranium producers, this 
course is prohibited by the AEC until June 30, 1973, but even when 
that date arrives it is utterly unrealistic to put any eggs in the foreign 
basket. Petroleum Press Service , an authoritative British publication 
examining the world energy picture at the end of 1967, stated that 
“From 1973 onwards the annual consumption of uranium throughout 
the non-Communist world will exceed production, and by 1980 there 
will be a foreseeable short fall of some 100,000 tons a year. . . . World 
consumption of uranium is expected to increase by almost 20 times 
by 1980, while the present rate of production from known reserves 
will not even double.” If our Government and utilities really expect 
to secure Free World uranium after 1973, then they can’t possibly hope 
to pay a low price for it, and it would be more realistic to believe they 
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won’t be able to get it for any amount of money. Fossil fuels n„ 
also m short supply overseas, and the Free World can therefore adorn 
to outbid us for uranium. 

are a few other alternatives open to the industry. Thorium, . 
fertile element convertible into fissionable uranium 233 by means ol 
breeder reactors, is abundant in nature. But even if the breeding proa, v 
can be perfected, which we shall soon see is far from the case, uranium 
233 will not resolve the safety and pollution problems posed by olhc, 
fissionable fuels. 

In another branch of atomic physics, physicists have been examining 
atomic fusion as a possible alternative to atomic fission as an energy 
source. In fusion, which is the source of the hydrogen bomb’s potency, 
small atomic nuclei such as those of hydrogen combine to form larger 
ones; whereas m the fission process used in today’s reactors, heavy 
nuclei such as those of uranium are split and thus broken down. In 
both processes huge amounts of energy are released, but some scientist, 
view fusion as safer, more efficient and economical. This view is dis 
puted m some circles, and considerable research remains before fusion 
can be applied on a large-scale commercial basis. When that time 
comes, its developers may encounter strong resistance by a public thai 
has been "burned” by its experience with the other atomic process, 
fission, worlds apart though the two techniques may be 
Whether we manage to satisfy short-term uranium needs or not, the 
future of atomic energy depends on the breeder. Yet the problems be 
setting the breeder program are truly prodigious, and a quick explana 
ion of this technology may help us understand some of them. Uranium 
m nature comes in two forms, or isotopes, which are mingled together 
m the me: uranium 235 and uranium 238. Uranium 235 is the only 
fissile or fissionable form, but it constitutes only seven tenths of 1 per 
cent of the total ore. The rest-99.3 per cent-is uranium 238. Ura¬ 
nium 238, however, is not fissile; it does not “burn,” as uranium 235 
does. Thus we have a tiny amount of uranium that does bum, and a 
large amount that does not. 

Does this mean that non-burning U-238 is useless? Far from it. When 
the refined uranium, composed of both isotopes, is burned in a reactor 

S 23 , » 1S r C Tf t( ; d int0 plut0nium ’ and plutonium is a most valua¬ 
ble fissile fuel. Indeed, it is this vast storehouse of “fertile” U-238 
that is the hope of atomic power’s future-*/ we can master the tech¬ 
nology for converting it into plutonium in a big way. Conventional 
reactors aren t the answer. Most of the plutonium they generate is simul- 
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Mneously burned during operation, and only relatively small amounts 
11c recovered when the fuel is reprocessed. 

By contrast, breeders are designed to convert a much higher per- 
(ullage of the fertile U-238 into fissile plutonium—theoretically all of 
!i, but realistically 50-60 per cent of it. Over a period of time, a breeder 
will produce more fuel than it requires, and the surplus can be used 
(o operate other reactors. The time it takes for a breeder to create 
twice as much fuel as went into it is called its “doubling time.” But 
don't get the impression that the conversion of uranium to plutonium 
t ikes place overnight. The most optimistic projections of doubling time 
m breeders run from eight to ten years—that is, it would take that 
long for a “fast” breeder to produce enough plutonium to replenish its 
own fuel supply and provide a surplus sufficient to fuel another re¬ 
actor of the same size. 

The trouble is that electricity consumption in the United States is 
growing at a rate of 100 per cent every ten years—doubling every dec¬ 
ade, in other words. By the time breeders started in 1980 had doubled 
1 heir fuel supply in 1990, that supply would be confronted with double 
(lie original demand. They could do nothing more than maintain equi¬ 
librium. But equilibrium is nowhere near good enough; massive sur¬ 
pluses must be produced to make up for the huge drain on our atomic 
luel reserves created by the tremendous number of fuel-wasting con¬ 
ventional reactors planned for the coming decades. Even if breeders 
could be developed with doubling time of eight years, it would never¬ 
theless take fifty years before surpluses were produced, much too late 
lo do any good. 

Another problem, or group of problems, has to do with plutonium, 
the by-product of the fission process that goes on in the reactors core. 

There are three major uses for it: (1) as an explosive in atomic 
weapons; (2) as a fuel for conventional reactors; and (3) as a fuel 
for breeder reactors. 

As to atomic weapons, until 1964 the Federal Government was pre¬ 
pared to guarantee purchase, at high prices, of all the plutonium pro¬ 
duced in commercial reactors for the purpose of using it in nuclear 
bombs. But in 1964 President Johnson announced a full inventory 
of military plutonium, and the Government has begun phasing out 
its plutonium purchases. Which means that unless some other use is 
found for it, it will become a drug on the market. 

Why can't it be employed to fuel conventional reactors? For the sim¬ 
ple reason that the technology for economically “recycling” plutonium 
—substituting it for die uranium fuel now used—is still unperfected. 
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The Government estimates that the state of the art will be perf«ln 
by I 974 , but the only way to know for sure will be to experiment will 
it in the gigantic reactors now going up. Whether we want such expci I 
men Is conducted outside our cities is one of the many questions 11 >. 
public must decide. 

Can we employ plutonium as fuel in breeder reactors! 1 As a man. 
of fact, it is beginning to appear that no other fuel will do for the l.r 
breeders being developed for commercial use. Commissioner Gerald I 
Tape of the AEC told the American Power Conference in 1968 thai l< 
a variety of reasons, it may not be possible to operate fast breeiln 
economically with U-235” as the fuel that converts fertile U-238 ini< 
plutonium. Plutonium will be needed instead, drawn from the in 
ventory accumulated by conventional reactors. It is questionable, how 
ever, whether there will be enough of it to make the breeder program 
go. Dr. Tape, in the speech cited above, estimated that in the two-yea 1 
period 1984-85, the conventional reactors then in operation will l>< 
producing enough plutonium to provide the total fuel requirement, 
for about thirty-six breeders of 1,000,000 kilowatts each. It is hard to cn 
vision thirty-six breeders popping up in time to go on line by then, bui 
even if the industry can pull that miracle out of the hat, it is doubtful 
—in fact, mathematically impossible, according to one line of reason 
ing—whether all those breeders will be able to provide sufficient fuel 
to meet the AEC’s forecast that atomic power plants will generate hall 
our electric power by the year 2000. 

All this presupposes that we will have developed a safe, reliable, 
economic breeder that can double its fuel supply every eight to ten 
years. The state of breeder technology appears to be in such disrepair, 
however, that this prospect is quite dim. In 1967, Edward Teller stated 
m Nuclear News that “Altogether the fast breeder has resisted the 
head-on attack of our best technological people for 20 years. I doubt ii 
will become a success very soon.” 

That same year the AEC issued a Supplement to its 1962 Report to 
the President in which it stated that while progress had been made 
in liquid-metal fast breeders (the kind given priority by the Govern¬ 
ment), a number of significant factors had yet to be considered in 
establishing the safety of those reactors. Some of those factors, it should 
be noted, were contributory to the Fermi debacle the year before. Others 
were causing problems in Experimental Breeder Reactor #2 at Idaho 
alls, Idaho, which at this writing is the only liquid-metal fast breeder 
operating —when it is operating—in this country. 

Not only is resolution of those problems a staggering challenge, bin 
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new ones keep turning up, and in 1967 and 1968 a couple of them 
•nose which cast an ominous light on the fundamental principles by 
which breeders are designed. In the middle of 1967, for instance, evi¬ 
dence was discovered indicating that “high fast neutron fluences,” the 
Id 1 id prevalent at the energy and heat levels operative in fast breeders, 
could cause serious damage to the stainless steel cladding that contains 
1 eactor fuel. They would swell to around 7 per cent greater than their 
original size, form “voids” (something like hot spots), and become 
highly brittle. The swelling of these fuel tubes interferes with the flow 
ol coolant, which could lead to serious overheating and catastrophic 
melting of fuel. “The mechanism by which these voids form is not 
known,” stated Floyd L. Culler, Jr., assistant director of Oak Ridge Na¬ 
tional Laboratory, in a letter to Dr. George M. Kavanagh, AEC’s As¬ 
sistant General Manager for Reactors. Culler predicted it would take 
nt least four years to investigate fully the effects of these “fluences,” 
then went on to offer a chilling thought: that since these inexplicable 
phenomena had turned up at only about 10 per cent of the exposure 
level of radioactivity anticipated for breeders, “is it not possible that 
(here are new effects to be observed at high doses as yet unattained?” 

Around the same time that Culler was describing these findings, 
lliree highly respected British scientists were dropping an even bigger 
bombshell at a meeting of the International Atomic Energy Agency 
in Germany. The subject was something called “alpha,” which de¬ 
scribed a somewhat esoteric value vital to the efficiency of breeder 
reactors. The British scientists presented computations to the effect that 
everybody had been underestimating the value of “alpha,” which meant 
that breeders would take twice as long to produce fuel as expected. 

It was enough to send the assembled scientists scurrying into im¬ 
promptu caucuses, for it would demand new design, new materials, 
new technologies, and new safety measures. New headaches, too, of 
course, and new expenses. In February 1968 a representative of the 
AEC testified before the Joint Committee on Atomic Energy that it 
would take “several years” to conduct more definitive measurements of 
“alpha.” The Englishmen might be wrong, of course, but the nuclear 
industry could not afford for them to be right. 

“Fluences” and “alpha” are just samples of the many incredibly dif¬ 
ficult problems harassing scientists and engineers today. The conquests 
of those problems would still leave a host of others whose solutions 
have been forecast by some experts at no less than fifteen years. 

In its 1962 Report to the President, the AEC stated that “with luck 
and adequate effort, practical and economic full-scale breeder reactors 
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might be achieved by the late 1970s or early 1980s.” The 1967 Supple 
ment, however, sang a more cautious tune: Tt does not appear thai .1 
prudent commitment to build the first U.S. demonstration [breedci | 
plant can be made prior to 1969, nor can the number of demonstia 
tion plants be predetermined. It is foreseeable that over a period <»l 
perhaps 10 years, as many as 3 to 5 demonstration plants of different 
designs and sizes could be built and operated.” With the discovery <>l 
vast “voids” in scientific understanding about breeder behavior, how 
ever, it might take even longer to design, construct, and debug large 
scale breeders; and at least a few years beyond that must be allowed 
for observers from the utilities to convince themselves that breeder, 
will fulfill their promise. David M. Williams, associate editor of Elcc 
trie Light and Power, wrote in the April 1968 issue that 1985 looked 
like a more reasonable time for us to expect breeders to become avail a 
ble, rather than the 1980 deadline usually mentioned in the atomic 
power industry. Even that prediction leaves little time for delay, Wil 
liams said, and he suggested that unless fast breeder reactors are work 
ing within twenty years, the first generation of nuclear power stations 
may he the last 

Meanwhile, a lesser economic disaster will be developing in the 
1970s, for unless the industry learns how to “recycle” plutonium eco 
nomically for use as fuel in conventional reactors, it is going to be 
stuck with an awful lot of plutonium; and if breeders fail to materialize 
altogether, the industry will be glutted with the stuff. At the present 
time, and until January 1, 1971, the Federal Government is obliged 
to buy plutonium from utilities at premium prices—another important 
indirect subsidy that should be assessed in evaluating atomic energy’s 
real economic value, incidentally. But when the Governments buy-back 
schedule expires, the industry will be faced with the burden of storing 
all that plutonium. Many utility men are very nervous about this pos¬ 
sibility, for they chose to build nuclear plants mainly because they ex¬ 
pected a good price for plutonium. 

J. L. Everett, vice-president for Engineering and Research of Phila¬ 
delphia Electric Co., told a nuclear fuel processing conference in 1967 
in Augusta, Georgia: “If we do not sell the plutonium at $8 per gram 
or better, we pay a penalty of approximately 20% on our fuel cycle 
costs, and that would have been enough of a difference to make the 
decision in many cases go the other way.” And Representative Craig 
Hosmer of California, at a 1967 congressional hearing, advanced his 
conviction that if fast breeders are not developed, plutonium “is not 
going to be worth any $8 to $10 a gram.” This could cause genuine 
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Ii.ndship on electric utilities, he said, which had based their decision 

II • go nuclear on the “rather firm assumption” that they would be re- 
t overing that amount for their plutonium. 

One final factor should be mentioned here, and underlined, and 
tli,K is that for breeder reactors to be most effective, as producers both 

III electricity and of fuel, they must each have a capacity in the 1,000,- 
, ,) ( )- kilowatt area. The trouble-plagued Fermi was designed for a ca- 
p.ieity of about 130,000 electric kilowatts, but the operating license 
issued by the AEC restricted it to 60,900 kiWatts, and the accident 
in curred at a heat level sufficient to produce only about 11,000 kilo¬ 
watts of electricity. Is it realistic to believe that businessmen, looking 
a 1 the Fermi experience, will be eager to put huge amounts of capital 
into breeders that will be operating at nearly one hundred times the 
capacity at which the Lagoona Beach machine broke down? 

The eminent Edward Teller has described the special dangers of 
the breeder in these terms: 

For the fast breeder to work in its steady-state breeding condition 
you probably need something like half a ton of plutonium. In order 
that it should work economically in a sufficiently big power-produc¬ 
ing unit, it probably needs quite a bit more than one ton of pluto¬ 
nium. I do not like the hazard involved. I suggested that nuclear 
reactors are a blessing because they are clean. They are clean as 
long as they function as planned, but if they malfunction in a mas¬ 
sive manner, which can happen in principle, they can release enough 
fission products to kill a tremendous number of people. 

... if you put together two tons of plutonium in a breeder, one 
tenth of 1 per cent of this material could become critical. ... Al¬ 
though I believe it is possible to analyze the immediate consequences 
of an accident, I do not believe it is possible to analyze and foresee 
the secondary consequences. In an accident involving a plutonium 
reactor, a couple of tons of plutonium can melt. I don’t think any¬ 
body can foresee where 1 or 2 or 5 per cent of this plutonium will 
find itself and how it will get mixed with some other material. A 
small fraction of the original charge can become a great hazard. 

To sum up, then, because our Government has encouraged the build¬ 
ing of far too many fuel-wasting conventional reactors before solving 
the problems of fuel-breeding, we are well on the way to exhausting 
uranium reserves in the competitive price range. Unless we halt this 
































210 


PERILS OF THE PEACEFUL ATOM 


profligate policy, the atomic power industry will price itself out of ilir 
market before the end of this century. 

What will we do for fuel? A short look at this country's fuel i< 
serves, and the economics of fuel energy, may provide some answer 

The capital costs of nuclear plants range from twenty-five to seven iv 
five dollars more per kilowatt than coal-fired plants, nuclear's nuijni 
competitor; that is, a nuclear plant capable of generating 1,000/ >< ■ 
kilowatts of electric power will cost between twenty-five and seven iv 
five million dollars more to build than a 1,000,000-kilowatt coal-fun I 
one. The only way for nuclear plants to make up this initial disml 
vantage, then, is to be cheaper to operate than coal-fired plants. Ai 
present the two are roughly neck and neck, but a number of experr. 
believe that nuclear cannot surpass coal in the short run, and cci 
tainly will not do so in the long run, with respect to operating cosi v 
The reason is the rising cost of uranium. 

The contest between nuclear and coal is scored in a number of way;. 
At present, coal delivered at about twenty-six cents per million British 
thermal units* is competitive with uranium costing slightly less than 
eight dollars per pound. However, a study issued by National Eco 
nomics Research Associates, an economic consulting firm, points out 
that “a $3 increase in the price of uranium—say from $7.00 to $10.00 
per pound—would represent an increase in equivalent coal costs of 
over 2 cents per million Btu. . . . Not only is this a significant cosi 
effect, it comes at a time when inter-industry competition for energy 
markets has greatly intensified.'' 

Now, a two-cent difference does not at first glance seem a lot to gel 
excited about, but over an appreciable period it can total up to millions 
of dollars, and combined with the fact that it costs more to put nuclear 
plants up to begin with, that difference will most certainly make busi¬ 
nessmen incline toward coal or some other energy alternative. 

What reserves exist among those other fuels? 

Undeniably, our nation has reason to look to the future with con¬ 
cern when it considers its fuel supplies. Energy consumption is soar¬ 
ing. The highly documented projections prepared by Resources for the 
Future, Inc., in 1963, relying on United Nations statistics, predict a 
threefold increase in United States energy use between i960 and 
2000. The U. S. Bureau of Mines puts it at fourfold. 

The picture for natural gas, natural gas liquids, and oil indicates 
that by the end of the century, shortages will arise. The U. S. Bureau 

*A British thermal unit is the amount of heat it takes to raise the temperature 
of one pound of water 1 degree Fahrenheit starting at 60 0 F. 
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of Mines believes that by the year 2000 this nation will have used 
1038.8 trillion cubic feet of natural gas, almost all of our minimum 
pcobable reserve. Resources for the Future, Inc., estimates that by 2000, 
278.6 billion barrels of crude oil and natural gas liquids will have 
been consumed, again almost all of the probable minimum reserve. 

The outlook for coal, however, is another matter entirely. The Bu- 
t Cii u of Mines and the Department of the Interior's Geological Survey 
indicate that known coal reserves in this country are 1559 billion tons, 
of which 800 billion tons are recoverable, and 250 billion tons recov¬ 
erable “at or near" present prices with present technology. How long 
will that 250 billion tons last? According to estimates made by the 
National Coal Association, based on energy consumption figures pro¬ 
vided by the Federal Power Commission and the Atomic Energy Com¬ 
mission, coal consumption by the year 2000 for all uses will come to 
1.12 billion tons annually—that is, if nuclear power captures half of the 
electricity market, as AEG forecasts suggest. At that rate, only 28.3 
billion of the 250 billion tons of coal recoverable at present prices will 
have been used up. 

It should thus be apparent why, in the race for control of the energy 
market, uranium must fall farther and farther behind. Compared to 
t lie 250 billion tons of known, recoverable, low-cost coal available in 
the United States, the known, recoverable, low-cost (eight dollars per 
pound or less) uranium reserves in this country—148,000 tons—have an 
energy equivalent of 2.572 billion tons of coal, or about 1 per cent of 
cheap, immediately recoverable coal reserves. Indeed, the 1.5 million 
tons of uranium we can hope to recover at any price up to thirty dol¬ 
lars a pound is equivalent, in energy-producing potential, to only 27 
billion tons of coal, a little more than one tenth of the cheap , immedi¬ 
ately recoverable supply of coal. 

Such enormous surpluses give coal an incalculable advantage in the 
long run, because though coal prices may fluctuate upward occasion¬ 
ally, the threat of exhaustion will not begin to send them seriously 
upward until well into the twenty-first century. Whereas the threat 
of uranium shortages has already begun to reflect itself in sharply es¬ 
calating prices. On November 9, 1967, the AEC had to admit that 
“Under the impetus of increasing demand, the domestic market price 
of [uranium concentrates] has risen significantly over the past two 
years." 

Does our large reserve of coal indicate that we shouldn't worry about 
the future? Of course it does not. Quite the contrary, the lesson to 
which America is just awakening is that no natural resource is un- 
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limited, and if we are to endure we must anticipate energy problem 
that will arise one hundred or more years from now. Today is not ton 
soon to begin. At the same time there is a special lesson in the chron 
icle of atomic energy, for although that program was initiated precisely 
in the spirit of anticipating long-range energy problems, it was launchc< I 
prematurely, well in advance of the accretion of scientific evident < 
demonstrating its technical feasibility, reliability, safety, or economic 
value. 

What our great stockpile of coal does offer us, therefore, is an oppor 
tunity to evaluate and develop some viable alternatives to atomic cn 
ergy without a loss of forward motion that would prove harmful to 
this nation’s economy and the public’s electricity needs. If we were on 
the verge of exhausting our fossil fuel reserves we might be forced 
to take our chances with atomic energy. But we are not by any means, 
and are blessed to be in such a position that if we halted the atomic 
power program tomorrow, fossil fuels could carry the ball well up to the* 
time when this nation’s great technology produced one or more means 
of generating electricity that genuinely possessed the virtues that 
atomic power was thought to have. Hopefully, however, we would 
utilize this opportunity to make absolutely certain, through intensive 
research, observation, and safe experimentation—unharried by attempts 
to press promising technologies into service before they had proved 
out—that we were not making the same mistake that we have made 
with the atom. We do have time, but not enough to afford going up 
another multi-billion dollar blind alley. 

Before presenting some of the alternatives to atomic power, we 
should anticipate one possible criticism of our proposed approach. It 
might be asserted that by advocating continued use of fossil fuels to 
generate electricity in this interim period, we are also advocating con¬ 
tinued pollution of our air with the noxious and poisonous effluents of 
those fuels. 

The fouling of our environment with coal and oil effluvia is indeed 
a serious problem, and we in no way wish to relieve the fossil-fuel 
industries of their responsibility for controlling those hazards. It must 
be realized, however, that because the Federal Government spends 
only about one tenth as much money on fossil-fuel research as it does 
on atomic energy research, the fossil-fuel industry has been compara¬ 
tively hobbled in its attempts to develop and promote the technology 
for pollution control. 

Furthermore, it should be clearly understood that our Government 
has never pushed atomic energy as a complete substitute for fossil-fuel 
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power. Indeed, the AEC’s own projections of future fuel consump- 
lion not only show the two forms of energy sharing the electricity 
uivna equally, but indicate that the burning of coal for electricity gen- 
nation will actually increase in the next century because all forms of 
energy consumption will increase. 

Therefore, whatever the future of atomic power, our legislators will 
•.(ill be obliged to give much greater support than hitherto to the solu¬ 
tion of environmental pollution problems connected with burning of 
coal and oil. It might well turn out that as a result of such support, 
(be means will be found to eradicate those problems, permitting us 
(o burn coal and oil far into the future without hazard, and granting 
us even more time to develop other energy programs in a safe, orderly 
fashion against the day when fossil fuels begin to run out. 

Recent developments indicate that such means may soon be on hand. 
Suppose we open the discussion of alternatives to atomic power, then, 
by examining how much more can be done with the conventional 

processes of burning oil, coal and gas. 

One point that should be made clear at the outset is that the fossil- 
fuel reserves we have been discussing are the known minimums re¬ 
coverable under present technology at more or less present prices. We 
know that there are larger reserves on hand, however. For instance, 
Resources for the Future, Inc., states that the known reserve of nat¬ 
ural gas as of i960 was 264 trillion cubic feet. But it also estimated 
that a probable reserve existed of between 1200 and 1700 trillion, and 
the 1965 U. S. Geological Survey finds that the reserve may be as much 
as 3600 trillion. Similarly, while the known reserve of oil and gas liquids 
in the United States was placed at 39 billion barrels as of i960, the 
U. S. Geological Survey of 1965 stated the possible maximum may be 
as much as 1200—1300 billion barrels, about three or four times the 
known, immediately recoverable minimum. As for coal, while 250 bil¬ 
lion tons are recoverable at or near present prices with present tech¬ 
nology, the total estimated reserves have been placed at 3210 billion 
tons, or more than a dozen times the amount to which we have im¬ 
mediate access. 

Obviously, recovery of a large portion of these staggering reserves 
w iH ensure a fuel supply for America throughout the coming century, 
perhaps even with a surplus to spare for exportation. The big prob¬ 
lems, however, are extracting them from their sources and learning 
how to burn them efficiently and cleanly. 

Much remains to be done with the technology for recovering coal, 
oil, and gas from natural deposits. To give just one example of this, the 
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coal industry concedes that only about 50 per cent of any coal dep<> 11 
is recoverable. Known coal reserves in this country, according to a 196'i 
Department of the Interior survey, are 1559 billion tons, but beam < 
of low recovery efficiency, only about 800 billion tons are recoverable , 
and of that only 250 billion are recoverable economically. 

In a like manner, natural gas supplies are prematurely exhausinl 
when the internal pressure in the pocket drops, although great quami 
ties remain behind. And it is well known that at least twice as muc h 
oil exists in known deposits of oil shale and tar sands as the combined 
minimums of natural gas, natural gas liquids, and crude oil! If tin 
technology for recovering these marginal coal, gas, and oil deposiis 
were perfected, we would not have to undertake potentially hazardou 
“crash” programs in energy production such as the one which resulted 
in atomic power. 

Hand in hand with development of more efficient means of recover 
ing natural resources is refinement of our means of consuming them. 
The pollution problem derives from the inefficient way in which fuel 
is burned. Such inefficiency creates health hazards, produces less elce 
tricity per unit of fuel, and wastes opportunities for developing valua 
ble by-products. Happily, our Government, in recognition of these 
facts, has recently loosened some purse strings to correct the gross im¬ 
balance between atomic energy research and research in fossil-fuel en 
ergy. In September 1968, for instance, a $255.6 million five-year plan 
for development and funding of research into control of sulfur oxides, 
promulgated by the National Air Pollution Control Administration, 
was made public. Some of the categories toward which funds will be 
applied are development of processes for removing sulfur oxides from 
flue gases, studies of dispersion of waste gases from chimneys and tall 
stacks, development of processes for removing sulfur from coal and 
fuel oil before burning, conversion of coal to liquid fuels or gases, new 
combustion processes, processes for controlling sulfur oxides from 
various industries, and development of pollution measurement equip¬ 
ment. 

One can scarcely open an issue of a coal or oil industry trade news¬ 
paper or journal without finding mention of some promising process for 
attacking the pollution problem. Invariably such news items conclude 
with reference to funding problems; yet if our Government primed the 
pump it would stimulate the production of by-products which would 
soon pay their own way. At the present time, for example, coal possess¬ 
ing high sulfur content is undesirable for electricity-generating pur¬ 
poses because it pollutes the air. A number of techniques are available, 
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however, for removing the sulfur during either processing or burning. 

’m ime of those techniques, such as the alkalized alumina process, cata- 
lylic oxidation, chemical scrubbing, and the molten salt process, can 
11 invert the sulfurous waste into pure sulfur, sulfuric acid, and other 
|,y products of high value to industrial processes. Sale of those by¬ 
products will not only offset the cost of sulfur removal but may actually 
in,ike high-sulfur coal a most valuable resource as the demand for sulfur 
Increases in coming years. Similarly, advances in utilization of fly ash, 
imother waste product of coal-burning, in building materials should 
encourage the Government to support means by which fly ash can be 
i uptured. 

Possibly more promising than refinement of the conventional ways 
in which we bum fuel is the recent development of techniques for 
burning it in an entirely new way. At present, fossil fuels are burned 
m heat water, and the resultant steam turns power-generating turbines. 
Ihe new processes, however, concentrate on more direct extraction of 
electricity from the burning fuel, and despite their jawbreaking names 
nppear simpler in principle and operation than conventional modes- 
und possibly cheaper. 

Magnetohydrodynamics, or MHD, has received so much attention 
lately that in October 1968 the Federal Government moved toward 
authorization of a demonstration plant utilizing it. MHD involves the 
acceleration of a very hot gas, such as one produced by burning coal, 
oil, or natural gas, through a strong magnetic field. The motion of the 
hot gas through the magnetic field generates electricity in a similar 
way to Michael Faradays principle that an electrical conductor moved 
ihrough such a field acquires an electric current. Industrial developers 
who have testified before Congress, such as Dr. Arthur R. Kantrowitz, 
director of Avco-Everett Research Laboratory and vice-president of 
Avco Corp., claim that with MHD up to 50 per cent less fuel is needed 
to produce a kilowatt-hour of electricity as compared to conventional 
fuel-burning processes. Just as significantly, MHD is said to be able 
to remove economically practically all of the noxious exhaust materials 
that contribute to air pollution, and can convert them into sulfuric and 
nitric acids. MHD can work with or without cooling water. If water 
is used, an MHD plant will nevertheless create between 25 and 40 
per cent less thermal pollution than the best fossil- and nuclear-fired 
plants operating today. On the other hand, the ability of such a plant 
to operate without cooling water opens up important opportunities for 
development of areas where water is scarce and fuel abundant. 

The promise held by MHD was described by Donald F. Homig, Spe- 
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cial Assistant to the President for Science and Technology and Ik ■ I 
of the Office of Science and Technology, to delegates of the 361I1 an 
nual Edison Electric Institute meeting in Philadelphia. The powci in 
dustry, he concluded, should learn that nuclear power was “not iln 
only unconventional path available for more efficient and lower o , 
central power generation.” 

Variations on MHD, such as magnetoplasmadynamics (MPD) ami 
electrogasdynamics (EGD) have also shown high potential for elc. 
tricity generation. In MPD, a gas plasma creates heat and, usiiif 
cesium, the most electro-positive metal known, as a catalyst, produn 
electricity directly. In EGD, coal or oil is burned under high pressure, 
and the gas shot into a small tube attached to the furnace. At il>< 
entrance of die tube an electrode sprays a stream of charged ions iniu 
the gas flow, and the concentration of those ions within the pressuri/o I 
flow creates a powerful electric current. In one experiment enginee r, 
sprayed charged ions into a gas stream using about a tenth of a wall 
of power, and the current picked up by electrodes at the end of die 
device registered about two watts of energy. Yet EGD’s developers claim 
the process can produce electricity on a scale necessary to power heavilv 
populated areas. Also, they say that since EGD doesn’t need water, a 
power plant of that type could be located directly over the fuel source, 
such as a coal field. 

Another application of fossil fuels to energy production is by mean', 
of fuel cells. Like batteries, fuel cells are designed with two electrodes 
sepaiated by an electrolyte. But whereas in electrolysis electric cut 
rent passed through an electrolyte solution breaks that solution into 
its component gases, fuel cells work on the reverse principle: Gases 
are piped in, producing electrical current and water. 

Although fuel cells are as yet unfeasible for large-scale electricity 
generation, some recent breakthroughs may point the way to gigantic- 
power plants operating by means of fuel cell dynamics. The September 
23, 1968, issue of Electronic News, for instance, described a cell do 
veloped by Bolt, Beranek & Newman and the Arco Chemical Co., de 
signed to convert the energy of natural gas, propane, kerosene, or 
gasoline directly into electrical energy. The special features of this 
particular device enable scientists to operate it for thousands of hours 
with no sign of energy loss. According to one spokesman for the de¬ 
velopers, a 250-pound system could provide enough electric power to 
serve the needs of an average American home at a price competitive 
with utility rates. 

Proceeding away from fossil fuels, we find a variety of energy sources 
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vluYh hold a greater or lesser degree of promise. Some of them, such 
• 1 he sun, the sea, and the heat of the earth, are rather sublime, 
\ liricas others, such as ordinary garbage, are less so. Yet because man- 
I iiKI must begin thinking in terms of centuries and not merely dec- 
iu|r; in surveying its future prospects, no potentially useful source 
Imtild be overlooked. 

I lydroelectric plants, which generate electricity by means of water 
llnw, no longer contribute as much to our energy budget as they once 
did. In 1922 they generated about 38 per cent of our total power, 
whereas by 1967 the figure had dropped to 18 per cent. The reasons, of 
1 nurse, are the growth of fossil-fuel generation and the decreasing num¬ 
ber of waterways suitable for hydroelectric installations. While we 
lion Id not count on this picture changing substantially in the future, 
there are in the north and northwestern half of this continent a num¬ 
ber of mighty river systems now being developed or considered for de¬ 
velopment as power sources. American utilities are aware of the poten¬ 
tial in those areas, and will undoubtedly explore it in due time. Late 
in 1966 it was announced that the Quebec Government had authorized 
n instruction of one of the world's largest hydro projects at Churchill 
I alls in the northern wilderness of Labrador, and that three possible 
American customers were still in the picture: New Yorks Consolidated 
I ’dison, Niagara Mohawk of Buffalo, and Northeastern Power of Hart¬ 
ford, Connecticut. 

Fresh water, however, is not the only source of hydroelectric power. 
Imaginative engineers have turned to the salt water of the seas as well. 
In November 1966 President de Gaulle dedicated a tidal power plant 
on the Ranee River in France, hailing it as “the first large-scale use 
of the ocean in its ebb and flow.” Built into a dam across the river's 
estuary are two dozen huge “bulbs,” each containing generators opera¬ 
ble on a water flow in either direction. The facility can therefore pro¬ 
duce electricity both on the incoming and outgoing tides, or four times 
a day, and a reservoir system enables the installation to adapt those 
rhythms to normal power needs by holding water back or permitting 
it to pass through the bulbs. 

In the 1930s the United States and Canada planned a similar project 
at Passamaquoddy to harness the sixty-foot tides of the Bay of Fundy, 
but abandoned the idea. The Ranee plant has stirred new interest in 
that and other tidal power projects. 

Solar energy is another form of power scarcely exploited by man. 
According to G. O. Jones, J. Rotblatt, and G. J. Whitrow, authors of 
Atoms and the Universe, the solar heat received by our planet in one 
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year is approximately 700,000 times the energy at present derived from 
all fuels and water power. Solar light is another superabundant solih <■ 
of energy, and both heat and light from the sun are convertible i«» 
electricity. To date applications have been limited because of the low 
efficiency of conversion, and because many areas where electriciiv 
demand is great are too often covered with clouds. A number of an 
thorities believe that both problems can be overcome. The low efficient y 
of converting solar energy into electricity, they suggest, is not a serion 
factor in view of the inexhaustible supply of that energy. As for clouds, 
a number of means are being developed for storage of collected solai 
energy, so that reserves can be built up, literally, for a rainy day. 

While some men are looking to the sun, others are drawing elec 
tricity from the heat of the earth. In a valley eighty-five miles north of 
San Francisco known as The Geysers, engineers are utilizing natural 
steam, produced by the contact of underground water with molten 
magma close to the earth's surface, to produce electricity. The steam 
drives turbines which generate some 58,000 kilowatts of electricity at 
a cost 23 per cent below that of nearby conventional plants. Engineer-, 
estimate that by 1980, such “geothermal” energy could be generating 
as much as 10 per cent of the United States' total electrical output. A-, 
one report puts it, “No matter how much is used, the heat is not likely 
to be used up. Once scientists master the technology, they should be 
able to recirculate condensed steam back into the ground, giving virtu 
ally unlimited life to wells in states as dry as Nevada.” If the idea sounds 
newfangled, consider that the Larderello geothermal plant near Siena, 
Italy, has been producing electricity for some sixty-five years. 

Although the technology for harnessing geothermal power may prove 
a difficult challenge, another and possibly more feasible solution to om 
energy problems can be found right under our noses—in the garbage 
can. But while some cynics have been making light of the idea of gar¬ 
bage and refuse as an energy source, scientists have been—well, making 
light of the garbage and refuse itself, by means of electricity. In fact, 
because of its extremely low sulfur content, one expert went so far 
as to describe refuse as “the sweetest fuel this side of natural gas.” 

Refuse is an increasingly important source of European electricity. 
In Paris, for instance, the incinerator at Issy-les-Moulineaux derives 
90,000,000 kilowatt-hours of electricity annually from 450,000 tons ol 
household garbage. Munich, Frankfurt, Dusseldorf, Geneva, Rotter 
dam, and Milan are among the other large foreign metropolises produc¬ 
ing electricity and steam heat from this homely resource. In Toronto, 
Canada, a plant treating sewage with bacteria produces heat by burn 
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ing the resulting gas, suggesting possible application for generation of 
electricity. 

Obviously, the use of garbage, refuse, and sewage as fuel is by no 
means a mere novelty. A recent Fortune article described the current 
"garbage explosion” as a genuinely dire threat, and this application of 
energy technology answers two serious needs of our society at a stroke: 
what to do with our mounting refuse, and where to obtain reasonably 
priced electricity. Since refuse can be burned with considerable effi¬ 
ciency, and by-products used in a variety of ways, a number of side 
issues are resolved at die same time. 

All of the systems described here are definitely worth exploring if 
there is a genuine chance that they will prove safe, reliable, economic, 
and clean, and will serve for an appreciable length of time to alleviate 
our energy problems. Flopefully, some of these techniques will have 
been perfected by the end of the century. Indeed, if this nation per¬ 
sists in developing atomic power, it will be imperative that those al¬ 
ternatives be perfected by the end of the century, for by that time the 
electric industry, suffocating for want of uranium, will be grateful for 
any form of rescue available. 
















































CHAPTER XVII 


Where There's a Stack 


A member of the National Coal Association, thumbing through ih 
March io, 1967, issue of Time magazine, came across a full-page ad l>\ 
Westinghouse featuring a color photograph of the Connecticut Yanluv 
Atomic Power Company’s Haddam Neck plant, an atomic installation. 
He gazed at it for a long moment, frowning; something was wrong 
Then he snapped his fingers. Of course! The plant in the picture had 
no stack! 

He went through his files until he came across a pamphlet cl is 
tributed by the utility. Just as he’d suspected—the artist’s conception in 
the pamphlet showed the plant with a stack. Just to make sure, he sen! 
a colleague to visit the plant site. There was the stack, clearly visible-. 

Where had the stack disappeared to in the Westinghouse ad? 

“The public knows a stack means one of two things,” Brice O’Brien, 
the Association’s general counsel told the Joint Congressional Com 
mittee; “either something is being emitted during normal operation, or 
it is put there to handle extraordinary emissions in an emergency.” For 
trayal of a stack, in other words, would invoke in the public imagina 
tion an image of pollution or toxic release that contradicted the pic¬ 
ture the utility industry was trying to promote—of nuclear fuel as clean, 
safe energy. “We are forced to conclude,” O’Brien said, “that the artist’s 
brush has been used to help sell atomic power to the public.” 

The Connecticut Yankee incident symbolizes the attempt of govern 
ment and industry to sell nuclear pow 7 er to the public “without the 
stacks”—that is, with the sense of hazard omitted. And the fact that 
an enormous segment of our population, including otherwise knowl¬ 
edgeable individuals in the scientific and engineering fields, in gov 
ernment, and even in the utility industry, is almost totally unaware of 
the dangers described in this book, constitutes a tribute to the effective¬ 
ness of the campaign to keep Americans in the dark about atomic 
power. “The man in the street hardly knows the problem exists,” de¬ 
clared Walter Cronkite, narrating a television program on The Mighty 
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Atom, in discussing the stupendous challenge of nuclear waste dis¬ 
posal. “They come up to me wanting to shake my hand, telling me 
ilu*y Ii ad no idea they’d been involved in anything so dangerous,” re- 
I'urls an opponent of nuclear power who has lectured before utility 
executives. A few years ago, the Journal of Professional Practice , report¬ 
ing on the results of a questionnaire sent to ninety-four deans of en¬ 
gineering and ninety-two heads of civil engineering departments, stated 
I hat 53 per cent and 70 per cent of the respondents respectively said 
they had not been aware that the insurance industry had refused to 
provide adequate liability insurance to the owners of atomic power 
plants in view of the great hazards involved. In addition, 16 per cent 
n| the deans and 44 per cent of the department heads had not read 
AFC reports on the magnitude of potential damage to life, health, and 
property from a major accident. 

A psychologist might be able to explain why so many Americans, 
including their information-gathering agents, the members of the press, 

Ii;ive submitted so docilely to the campaign executed by the public 
relations arms of our Government and industry. Undoubtedly much 
of it has to do with the strong need, which we have described at the 
outset of this book, for people to believe that atoms for peace can be as 
benevolent to mankind as atoms for war are malevolent. But whatever 
(he reasons for our credulousness, the atomic power establishment has 
lulled a good portion of our population into acceptance of, and even 
enthusiasm for, the idea of reactors in our back yards. Let’s take a 
closer look at the ways in which nuclear power has been packaged, mer¬ 
chandised, and sold to an unwitting public. 

The promotion starts at the top, of course, with the Atomic Energy 
Commission. The hearings held for public consideration of reactor 
applications are, as we have seen, one of the Commission’s major 
vehicles for subduing criticism, pacifying anxiety, and furthering ac¬ 
ceptance. Hearings are by no means the only ways in which these ob¬ 
jectives are accomplished, however. The Commission also publishes 
and distributes a large number of pamphlets explaining the funda¬ 
mentals of atomic physics and the principles of reactor technology in 
language the lay reader, including impressionable school children, can 
easily grasp. The message, sometimes explicit and sometimes covert, is 
always that the atom is your friend, and atomic reactors make good 
neighbors. The liabilities of our “friends” and “good neighbors” are 
glossed over or left out of the discussion entirely. 

Nuclear Reactors , a booklet written by John F. Hogerton and dis¬ 
tributed by the AEC’s Division of Technical Information, is typical of 
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the Commissions literature. Of its forty-five pages, only three me <!< 
voted to reactor safety, and these present the most highly idc.ili... 
picture. For instance: 

In normal operation, the fission products are locked in the fuel I 
the fuel cladding, which is thus the plant's first line of dclrn . 
against release of radioactivity. [No mention is made of the l,i. i 
that the technology of cladding metals and alloys is still rife wnli 
unknowns.] This material leaves the premises, so to speak, win n 
‘spent" (used) fuel elements are removed from the reactor an. I 
shipped to a fuel reprocessing plant. [No mention of the treaclm 
ous hazards of removing fuel elements from the core, of transput i 
ing them to the reprocessing facility through population centers, ;m<l 
of reprocessing them.] If any trace of the fission products escap< 
into the reactor coolant through defects in the fuel cladding, ii i 
scavenged from the coolant by purification equipment, packaged ami 
shipped to an AEC site for safe burial. [No mention of the fact dial 
scientists have still not learned how to capture all of the fission 
products released during reactor operation; no mention again of tin 
transportation hazards; no mention of the unsolved problems ol 
burial and storage of hot atomic wastes.] 

Another passage, reporting on the structure and policies of the AFX 
fails to mention that construction of reactors is regularly authorized 
before safety problems are resolved: 

And before a nuclear power plant may be built in the United Stair., 
vigorous safety review procedures must be followed, including, among, 
other steps, a specific safety review of the proposed project by an 
impartial board of reactor experts (Advisory Committee on Reach >i 
Safeguards). This review takes into account not only the features 
of the proposed reactor installation but also the environmeni.il 
characteristics of the proposed location—distance from population 
centers, terrain, meteorological conditions, and the like. A similai 
but even more detailed review is made before a license is granted 
to operate the plant. Once the plant is in service, an amendment to 
the license must be obtained before any significant change may be 
made in the operating pattern. 

Other AEC pamphlets reflect the same pattern, and some presen I 
grossly oversimplified pictures, almost word-cartoons, that insult the 
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•t( 1 11 It mentality and possibly harm that of a child. Take, for instance, 
1 In-. <|notation from page 22 of an AEC booklet entitled The New Force 
0/ Atomic Energy—Its Development and Use: 

The chances of your receiving an overexposure to radiation are 
slight. They depend upon how much you know about radiation, the 
methods for protecting yourself against it, and upon whether you are 
a reasonable person. You can get quite a burn from a match, but 
you must be close to it. So it is with radiation. There is little dan¬ 
ger if you know what you are doing. 

It is hard to believe that the tens of millions of people who will be 
living in the vicinity of nuclear reactors in the 1970s, or the many 
millions more through whose towns radioactive waste-laden trucks will 
be passing, are unreasonable. Yet by virtue of the infantile logic that 
equates matches with reactors, the responsibility for getting burned in a 
serious radiological incident would rest with us, rather than with the 
utilities, transport companies, insurance firms, and the Government 
regulators. 

Since the AEC position seems to be that protection against radiation 
depends on knowing what you are doing, one would think the Com¬ 
mission would have undertaken a vigorous campaign to inform the 
general public on “what to do" in the event of a reactor accident. But 
ms we have seen, no publication outlining appropriate citizen action 
has been widely distributed, if one exists at all. 

The Commission resorts to the spoken as well as written word in 
developing its picture of the safety of our atomic power program, and 
many Commission officials regularly deliver speeches painting rosy 
vistas of the atom's future. Early in 1968, for instance, AEC Chair¬ 
man Glenn T. Seaborg addressed a convocation of students at Fair- 
leigh Dickinson University. In a visionary speech entitled “Man and 
the Atom—by the Year 2000,” Seaborg evoked for his young audience 
glorious visions of a utopian society energized by our friend the atom. 
“Nuclear power has surged forward remarkably in the past few years," 
be told the students, “because it is now realized that, in addition to 
being reliable, safe sources of power, large nuclear reactors can provide 
increasing amounts of electricity at economic costs and do so cleanly 
without adding to the burden of air pollution." 

Safe , clean , reliable , economical— four of the most commonly used 
words used to describe the seductive wonders of nuclear power. More 
compelling phrases followed: 
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Today it is essential that we encourage new directions and n< \ • 
dimensions to our thinking and our actions. We have to break down 
many of our ingrained prejudices, old habits and traditional nn 
tudes and achieve a new degree of flexibility, imagination and m 
novation. There is no doubt that we will have to do this “on iL 
m n/ ; so to speak. . . . Therefore we must learn to gain and m.im 
tain public understanding and support of positive programs. Wc mu i 
learn to overcome new obstacles that arise, because even in the In i 
made plans there are flaws, and we may often find ourselves having 
to make changes to take advantage of new innovations, to shift cm 
phasis, to readjust timetables and goals. But not ... to act now I'm 
fear of making the wrong moves could be far more disastrous. 

What it all boiled down to was: There’s an urgent need for c\ 
pansion of our electric power program, but instead of hesitating to con 
sider our alternatives and develop a truly safe source of power, we mu i 
plunge ahead with the atom, however flawed that technology may be 
One wonders whether the students listening to this speech had done 
their homework in basic logic, or whether many of them, instead, wen* 
inspired to pursue careers in atomic energy by such phrases as “encom 
age new directions and new dimensions to our thinking” and “break 
down many of our ingrained prejudices, old habits and traditional 
attitudes” and ‘achieve a new degree of flexibility, imagination and in 
novation.” 

Television is another medium through which the AEC disseminate, 
its soothing message. For example, in 1964 the National Educational 
Television Network aired a program entitled “Man and the Atom,” 
produced by Harold Mayer in co-operation with the AEC. The show 
opened with a series of testimonials for nuclear power plants from 
lesidents of Buchanan, New York, location of Con Edison’s Indian 
Point facility: 

WM. BURKE: I’m William J. Burke. For the past 15 years I’ve been 
Mayor of the village of Buchanan. We’re about 24 miles above New 
York City. I saw the plant from the very beginning . . . until it was 
fully completed. At first there was one group that was a little ap 
prehensive, and we were kind to these people and talked to them and 
explained that the Federal government had spent almost a billion dol 
lars developing these reactors. And I assume that we answered their 
questions satisfactorily because when we had a public hearing to 
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rezone the property, there was no one at the meeting whatsoever 
against it. 

After all, this isn’t the first atomic energy plant in the country. 
Besides being the Mayor, I also happen to be the director of pupil 
personnel in the local high school . . . where there are over 1000 
students. We have four grammar schools, elementary schools, and 
one parochial school. We have 2500 students housed in these build¬ 
ings which are in close proximity—within a half-mile to a mile from 
the plant—so of course we want to be assured of the safety of these 
children. Today I don’t think anybody realizes that the plant is over 
there; we know that it is there, it makes electricity and supplies us, 
but in this modem world, I know that for one, I’m very happy to 
have it here. And as I say, there’s no fears, and if you stop the average 
person on the street, he’ll tell you he doesn’t even know the plant is 
over there. 

LOCAL MAN: I can look out of my windows of my house and 
actually see the smoke-stacks. I can hear the excess steam coming 
off. . . . Nothing can really happen to it the way they have it set 
up and built over there. The structure itself, and the devices they 
have for any kind of . . . warning signals and all coming up; that 
there’s no reason for worry. . . . 

LOCAL WOMAN: I never hear anyone around here ever worry 
about the atomic plant. I think most people feel like I do. I think 
they think it’s a wonderful thing. . . . 

LOCAL MAN: It’s very, very difficult to get a home here. The 
minute one is for sale, it sells almost within the next day. 

This hallelujah chorus is almost too beautiful to believe until it is 
explained that Con Edison had enriched the townsfolk of Buchanan 
with a lot more than praise of the merits of atomic reactors—a lot more, 
as it shall be demonstrated at the end of this chapter. In any event, 
the rest of the television program was replete with the kinds of half- 
truths and misleading statements that have come to characterize the 
public face of atomic power. 

But if propagandizing at the Federal level is one of the most depress¬ 
ing aspects of atomic power’s drive for acceptance, it is by no means 
the most ordinary. Since, as might be expected, the private utilities 
have the most to gain from public approval, they carry most of the 
load of public misinformation. From the outset the industry has per¬ 
ceived that a comprehensive program of public and community rela¬ 
tions is of exceeding importance to the acceptance of nuclear power 
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on a national basis. Today, no utility company lacks a highly soplii n 
cated public relations department armed with all the tools for insulin, 
its persuasive messages. 

The philosophy that guides the PR man has never been expiv I 
as well as it was by Dr. W. E. Johnson, general manager of Wcsim. 
house Electric Corporations Atomic Power Division, during hcaiin 
before the Joint Committee on Atomic Energy in April 1963: 

REP. WESTLAND: How much of a problem is it in overcomim 
civilian objections to the location of a nuclear power plant? . 
DR. JOHNSON: I think there are some people who are frightened 
of it. I am not sure there are a lot of such people, however, if you 
take them into the context of the total population. I don't know o! 
any existing reactor site where the people are actively objecting. . . 

I think a lot of this comes about by a few people being worried and 
making a lot of noise compared to the total population. 

REP. WESTLAND: You don't think it is a big factor. 

DR. JOHNSON: I do not think it is a big factor. 1 think that // 
you do a reasonable job of public relations you can place a readat 
anyplace it is needed. 

REP. WESTLAND: I quite agree. I think your public relation 
work is important in this area. The people of Los Angeles or Ne w 
York City can be persuaded that the location of these plants in that 
area can be safe. [Emphasis ours.] 

Former General Electric public relations man Harold A. Beaudoin 
phrased it a little differently, but in terms that would have gratified 
Pavlov: Tt is far easier to borrow money from a friend if he knows 
from past experience that you won't play the horses with it. Likewise, 
if the mind is strongly conditioned on a continuing basis, then the 
public problem of a particular moment—locating a reactor in a popu 
la ted area, for example—can be superimposed with a far better chance 
of understanding." 

The task of the PR man, then, is to impregnate the minds of poten 
tial antagonists with the seeds of acceptance, directing the operation 
to the areas of their strongest interests. Then the idea must be embcl 
lished continually until attitudes have been conditioned—brainwashed, 
as the expression goes. 

The methods employed toward this end are numerous and various. 
Some of the more prominently featured are (1) formally announced 
presentations for representatives of city, county, and state government, 
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civic groups, and other local organizations; (2) a speakers' bureau for 
living talks at group meetings and schools; (3) press conferences for 
news media; ( 4 ) publication of monthly progress reports; (5) prepaia- 
,i„n 'and showing of slides and movies; (6) publication of techmca 
press packets describing the plant and nuclear power; (7) arrangement 
, r panel discussions for television; (8) preparation of Nicies for in¬ 
dustrial magazines; and ( 9 ) guided tours of the facility In additrmr 
Mime utilities construct information centers at the site, and even sn 
auditoriums, which include plant models and pictures, nuclear power 
exhibits, full-time tour guides, and audio-visual equipment 

With a program like that, how can a utility lose? Well, in all but 

" Tn P ! e 966 Ae S AEc'published Volume I of a study entitled Small 
Nuclear Power Plants, which surveyed a number of aspects of design, 
construction, and operation of ten power reactors. Interestingly, con 
siderable attention was paid to the role played by t re pu ic le <. 
program in each case. Because of the success of these programs the 
sections of each chapter devoted to public relations make rather du 
reading. Note, for instance, how smoothly Brings went at the Hallam, 
Nebraska, facility: 

As a possible indication of the success of the Consumers Public 
Power District public relations program, no residents of the area 
opposed the reactor installation either publicly in :local news media 
or at the public hearings convened by the AEC The key to the 
success of the program was apparently the philosophy that the 
Hallam Nuclear Power Facility belongs to the people in the area, 
that the Hallam Nuclear Power Facility is an area project rather 
than an effort solely of the AEC or the operating utility. As a result 
the residents of the community became a part of the program and 
took the initiative in establishing supporting facilities such as roa , 
housing areas, and general area improvements. 

Once the reactor was built, however, things scarcely went smoothly, 
and the AEC survey of the Hallam facility describes a woeful series 
of mishaps, breakdowns, and shutdowns, which must have caused the 
public relations liaison to tear his hair. In the first month, seveia 
“scrams,” or emergency thrusts of control rods into the core to pieven 
runaway chain reaction, occurred due to malfunctions of control and 
protective system components, and on August 3, 19 3 > a ter S1X a ' s 
of uninterrupted operation, die reactor was shut down to investigate 






































228 


PERILS OF THE PEACEFUL ATOM 


excessive leakage of helium from control rod thimbles. The shutdown 
lasted almost three months. The plant’s nuclear reactor (the utility Ii.mI 
wisely constructed a conventionally fueled steam boiler to keep tin 
turbines running in case the reactor failed) resumed operation in 
October 1963 and carried on for four months-with ‘only” twelve un 
scheduled scrams, of which five were spurious, four were due in 
operator error, and three were due to control system malfunction. 
Moderator trouble developed-the moderator being the material used 
to control the reaction of the fuel—and between February 20 and April 
24, 1964, there were five more scrams and a four-day shutdown foi 
control rod drop tests. On May 6, the reactor was started up again, 
and ran for all of twelve days before another moderator elemcni 
failed. For two and a half months, the reactor was shut down. Twenty 
two of the fuel elements stuck in the core and could not be removed 
in the normal manner. Subsequent investigation revealed no fewer 
than twelve areas where serious and time-consuming failures and mal 
functions existed. On September 27, the reactor was shut down for 
good. On August 9, 1965, the AEC announced termination of its 
operating contract with the utility, and in June 1966 the Commission 
announced intentions to decommission the facility. 

'The Consumers Public Power District was commended by the AEC 
for its fine work in demonstrating that all phases of liquid metal-cooled 
reactor plant operation could be performed effectively and safely by 
utility company personnel/’ the AEC report stated. And the PR men, 
after waiting five years for something positive to say about Hallam, 
must have shouted '‘Hear, hear!” when they read that. 

The fundamental tool for implanting the notion of safety in the 
public mind is the word, of course, and the respect shown by nuclear 
power proponents for the power of words, in matters of atomic power, 
is well in evidence in an address given by Hal Stroube, representing 
the 1 acific Gas & Electric Company, at a recent nuclear power in¬ 
dustry forum. Flis speech also evinces the condescension many PR men 
feel for the average man s ability to understand facts when they are 
squarely presented: 

I would suggest that our problem . . . might better be defined as 
one of public misunderstanding rather than public understanding. 
... If we confuse them with technical jargon, belabor them with 
scientific information, bewilder them with probabilities and maxi¬ 
mum credibilities, and frighten them with the glossolalia [sic] of the 
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laboratory and the testing ground, we are doing them and ourselves 
a terrible disservice. . . . 

[Earlier] some discussion by AEC officials at this meeting touched 
on the need for replacing the word “hazards'* in the title of the so- 
called “Preliminary Hazards Summary Report.” I suggest that these 
gentlemen have the responsibility as well as the ability to make that 
change within a week of returning to Washington. And while they 
are at it, I would add that the time has come for some semantic soul- 
searching about the need for eliminating some other objectionable 
words from the atomic lexicon. Words such as “criticality”— “poison 
curtains”—“nuclear excursion”—“scram”—“maximum credible acci¬ 
dent”—spring immediately to my mind, and I could list a dozen others 
if given time. . . . Someone has to start somewhere, and I would sug¬ 
gest that the best starting place is in the official language of the AEC. 
Surely the agency’s Public Information Section has the talent and 
the manpower to make a study of this suggestion and hopefully 
recommend some palatable synonyms for the “scare words” which 
make our job of public understanding more difficult. [Italics all his.] 

It should be pointed out that Stroube and his utility company were 
licking their wounds from a confrontation with the citizens of the 
Bodega Bay area over the San Andreas Fault business. Stroube at¬ 
tributed die defeat in large measure to bad images and scare words 
and, like some primitive shaman, proposed to exorcise their spell by 
banishing them: 

One last suggestion [to the AEC] along these lines would be to 
do us a great big favor by canceling the now-in-progress updating 
of the Brookhaven Report. I’ve eaten a steady diet of [the Report] 
in the past three years as it became the Bible of the anti-Bodega 
crowd, and no amount of pointing to the disclaimers . . . could over¬ 
come diose chilling words: "3400 people killed, 43,000 injuries, $7 
billion in property damage.” . . . 

Stroube’s thinking prevailed, and the Atomic Energy Commission 
never issued its revised estimate of the possibilities and consequences 
of major accidents at the newer, larger plants. And little wonder—for 
as astronomical as the figures in the original Brookhaven Report are, 
they would undoubtedly have been dwarfed by the new estimates. 

The image brokers are constantly on the lookout for euphemisms to 
make nuclear power more palatable to the public. A good example of 
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this was the wholesome phrase “sunshine unit” contrived to dcscrilx- 
exposure levels of deadly strontium 90 around the time when A-bomb 
test fallout was raising the radiation in our environment to an alarming 
degree. Another, dreamed up when nuclear power interests were trying 
to set up an atomic waste processing facility in lower Cape Cod, M.i 
sachusetts, was industrial park” for such a nuclear installation. Even 
normally responsible men of medicine have fallen prey to the tempia 
tions of coining happier phrases to make the dangers of radioactiviiy 
go away or diminish in size. In a 1963 Symposium on Radiation A( 
cidents and Emergencies in Medicine, Research, and Industry held in 
Chicago, one conferee stated: 

One of our prime tasks, therefore, is to provide a more concrete, 
tangible, realistic, familiar “image” of radiation and of its effects. 
... A second approach might be to consider radiation as being like 
a more powerful form of sunlight. While sunlight is not really a 
tangible phenomenon (and it is far from simple or fully under 
stood), it is very familiar and benign. With this approach, biological 
radiation effects can be seen as something like sunburn (which i\ 
not too far off): a phenomenon which is familiar, is tangible, and 
is viewed as basically good, though dangerous when overdone. . 

I do not wish to belabor either suggestion. Both are presented 1 
examples only. The point is that we must develop a model of radia 
tion which can be made into a reified, tangible, comprehensible 
thing, with primarily good qualities, which is reasonably consistent 
with our scientific concepts. We must communicate this effectively 
and often enough to the public and to personnel, so that the idea not 
only gets through, but that radiation becomes a familiar everyday 
matter, thus losing its mystery. . . . 

A similar plea for plain—that is, positive—language was issued at a 
nuclear plant siting symposium in 1966 by George G. Biro, chairman 
of the American Nuclear Society’s metropolitan New York section. 11 
scientists conducted a plain-language information compaign, he said, 
they could prove that it is in the public interest to have “a friendly 
neighbor like a nuclear power plant.” 

Public relations men for the nuclear industry by no means confine 
their activities to suppressing the offensive words and phrases that 
aiouse public fear and indignation; they also engage most actively in 
accentuating the positive. In a wide variety of publications similar to 
the AEC pamphlets, the glories and miracles of the atom are sung to 
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the heavens. Again, many of these are aimed at youth, such as General 
Electric's “Inside the Atom,” a comic-book-style publication of which 
some eight million copies were reportedly distributed gratis among high 
school and college students. But it is in the realm of advertising that 
(lie wordsmiths really shine. 

The most important weapon of the adman is repetition, of course, 
and the hammering home of certain key words like “cleanliness,” 
“safety,” “reliability,” and “economy” are designed to condition the 
mind of the man and woman in the street to associate reactors with 
pleasurable responses. The Catholic News of December 15, 1966, ran 
an ad that stated in part: “Con Edison works constantly to hold down 
the cost of electricity ... by moving as quickly as possible into more 
economical and totally clean nuclear power.” General Electric took a 
two-page ad in the September 25, 1965, Saturday Evening Post to 
announce that “America’s electric utilities find that clean nuclear power 
plants play an increasingly important role in their efforts to supply 
reliable , low-cost electricity and that people everywhere welcome them 
as truly ‘good neighbors' in their communities.” The same ad continued 
with a string of testimonials for and by several other plants: “Con¬ 
sumers Power Company says of its Big Rock Point Station: 'We are 
operating a plant that is safe for anybody—next to the plant or ten miles 
away/ Pacific Gas & Electric Company reports that its Humboldt Bay 
Nuclear Power Unit at Eureka, California, is ‘safe, clean, and a good 
neighbor by any standard of comparison/” [Emphasis ours through¬ 
out.] 

New Yorkers were recently treated to the conversion of Con Edison’s 
truck color from orange to blue, symbolizing the purity of the air in 
the sky over a city that will one day no longer use coal and oil to 
generate electricity. Con Ed’s new motto is “Clean Energy,” and the 
message of Good Neighbor Atom was beamed to New York Mets base¬ 
ball fans, of whom tens of thousands are children, during televising 
of the 1968 games, of which Con Ed was a sponsor. 

Along with the Federal Government and industry propagandists, the 
press has been responsible for a great deal of ignorance and misunder¬ 
standing about nuclear power. Perhaps our newspapers and magazines 
are the least guilty, for they appear to be victims of the same public 
relations barrage as the general public. It is not hard to see that even 
a science-oriented newsman, confronted with the beguiling “facts” by 
smooth PR men, deluged with specially designed press packets, and 
treated to all manner of visual “aids” to his understanding, would be 
convinced of the safety of nuclear reactors, especially in the absence 
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of an articulate and well-organized opposition. Still, an unquestioning 
acceptance of nuclear power progaganda is not in the tradition <>l' 
vital, dynamic, truth-seeking American journalism. The news brown 
out is especially puzzling because disclosures of potentially catastrophic 
conditions make for lively reading, to say the least. The breakdown 
of the fourth estate’s function—indeed, of its honorable duty—is one <>! 
the most pathetic aspects of the public’s meek surrender to the force*, 
of nuclear power. 

Frequently the newspapers have taken, or transmitted, the benign 
view that any public work being undertaken by the Federal Govern 
ment or the great utilities must be inherently good and safe. An 
editorial in the New York World-Telegram & Sun on June 17, 1963, 
belittled opposition to in-city nuclear plants by attributing it to Tear 
of the unknown, an unnecessary fear of the unknown.” As cogent 
proof of the safety of such installations, the editor offered this argu 
ment: “The utility would never dream of installing such a plant in the 
heart of New York City if there were any danger.” 

Influential magazines, too, tend to disparage opposition to nuclear 
“progress” by identifying it with irrational fear. This point was made 
in an editorial in The Nation's August 10, 1963, issue, which then 
went on to argue glibly that “the peril to human beings from any 
well-built reactor is small indeed compared with the risks of nuclear 
war.” This is a perfectly monstrous argument, for, considering the fact 
that a nuclear war would kill upward of twenty million Americans, 
one should certainly hope that the peril from nuclear reactors is com¬ 
paratively small. This is like arguing that the chance of your contract 
ing smallpox is remote compared with that of contracting cancer, so 
why bother with inoculations? Obviously, the appropriate question is 
not which risk is smaller, but whether it is sane to take any unnecessary 
risk at all. 

This comparison of potential reactor accidents with potential nuclear 
war destruction, like the analogy between radioactivity and matches, 
is an instance of the fallacious logic advanced by proponents of nuclear 
power, and there are many more that come to mind. In an article in 
The Nation of March 23, 1964, author Carl Dreher pointed out that 
the public had up to that date spent about three billion dollars through 
taxes and electric rates to develop the nuclear power industry. For this 
reason, he concluded, “we might as well get something out of it.” In¬ 
deed, what we may get out of it is a catastrophe that would make 
three billion dollars look Lilliputian. Dreher then puts forward the 
standard “social progress” argument, namely that society must pay a 
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price for its technological advances—“our accepted morality sanctions 
nueh a bargain whenever, on balance, a social gain can be shown.” 

I le goes on to note that many children are electrocuted by toasters 
each year, yet we do not cry out against electricity. Then he drags out 
(he old auto accident argument—“The children who die annually in 
automobile accidents are numbered in the thousands. They die now 
mu] they will die in future generations.” 

The auto accident argument is a perennial favorite of nuclear power 
proponents, and even the Brookhaven Report, published by the Atomic 
Energy Commission, compared the (supposedly) low odds-one in 50 
million—against a person’s dying in a reactor accident in any year with 
the one-in-5000 odds that that person will die in a car accident. 

Arguments of this ilk overlook two vital points: first, that nuclear 
power represents not a quantitative but a qualitative change in our 
power industry, involving forces and consequences that we have only 
begun to understand; and, second, that when the public makes a bar¬ 
gain, it should have the privilege of deciding freely by itself, after all 
facts are objectively presented, whether a calculated risk is worthwhile. 
As we have abundantly demonstrated, the bargain involving our 
health, welfare, and safety has been made between a Federal Govern¬ 
ment dedicated to establishing a nuclear power program at any cost 
and a private industry committed to making the biggest profit while 
taking the smallest risk. It would take the combined ratiocinations of 
Euclid, Pythagoras, and Socrates to satisfy a reasonable man that he 
has the same freedom to choose the location of a nuclear reactor that 
he has to hold his hand over a lighted match. 

Another favorite device of nuclear power promoters is the diversion 
of public attention from major worries to minor ones. We have seen 
how, in the case of thermal pollution, community interest is focused 
on the “fish issue,” so that when concessions are made to satisfy wild¬ 
life conservationists, the wind is taken out of the sails of other poten¬ 
tial opponents. The same dodge has been used to take advantage of 
current public agitation over air pollution and desecration of our coun¬ 
try's natural beauties. 

Trade magazines play their role too. An editorial in Nucleonics 
Week of February 25, 1965, fanned the fires of competition between 
nuclear- and fossil-fueled power companies by suggesting the nuclear 
industry use the following strategy: 

The one issue on which nuclear power can make an invincible 
case is the air pollution issue. It is clear that nuclear power plants, 
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as “clean air plants," have a claim to earn the public's positive prefer 
ence as long as 19,000 persons are lulled each year from the effecT. 
of smoke from fossil fuels, not counting such occasional catastrophes 
as the 5,000 killed at Donora, Pa., in 1948. 

The problems faced by nuclear plants are not primarily technical 
or economic, the editorial went on to say, but rather those of siting. 
Arguments about safety and economy are not persuasive to a public 
concerned about location of reactors in heavily populated areas, con 
eluded the editorial, and the only issue which can overcome those 
fears is “clean air." 

The editor found it prudent, however, to publish a correction in a 
later issue stating that “further checking of our figures reveals that the 
figure of nineteen thousand deaths refers to an estimate of annual 
death from all sources of air pollution, not just those from the smoke 
from fossil-fired power stations." In addition, the correction brought 
out that the death toll at Donora, Pennsylvania, during the five-day 
smog had not been five thousand—it had been twenty. The editorial 
was only 4980 people off. The editor, in all fairness, was thinking of a 
London smog in 1952 which did take a fearful toll. On the other hand, 
the same weather conditions that prevailed during that disaster would 
have produced immeasurably more deaths had the poison in the air 
been radioactive gas seeping from an exploded reactor. In any event, 
the clear implication of this episode is that the nuclear power industry 
continues to play upon the public's fear of pollution (ignoring radioac¬ 
tive contamination) in order to overcome any and all objections to 
siting nuclear plants in populous areas. 

The best public relations gimmick of all, however, we have saved 
for last. It is the oldest but still the most effective, but rather than 
give it a name we will simply describe some instances of it and let the 
reader decide for himself what word most accurately describes it. 

It will be recalled that the citizens of Buchanan, New York, did all 
but stand on their heads to find praise enough for the Indian Point 
reactor that Con Ed had built nearby. Perhaps their ardor can be 
better understood in the light of the fact that Con Edison's taxes to 
Buchanan total about $359,000 a year, which is more than five times 
the entire village budget in i960 and more than half the budget in 
1967. An article in the New York Times by Ralph Blumenthal re¬ 
ported that with all its new revenue, the town was able to build— 
with cash, not bonds—projects it had put off for years. “Con Ed," the 
article reported Village Trustee F. Webster Pierce as saying, “has been 
very good to us." “Everybody's getting a little of it," said Vernon Cole, 
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Buchanan's police justice and hardware merchant. Indeed, the town 
was able to lower taxes from $20.20 for each $1000 of assessed valua¬ 
tion in i960 to $17 in 1967. With two more units scheduled for 
Indian Point, the increment to Buchanan stands to be tripled. 

It is not surprising, therefore, that when Con Ed announced it had 
come to agreement with the community of New Rochelle, population 
73,500, on plans to build the stupendous reactor complex on Fort 
Slocum a half mile away and practically on top of the Bronx County 
line, New Rochelle Mayor Alvin R. Ruskin jubilantly declared, “This 
is the most historic day in the life of the city." “New Rochelle," he 
said, “has a golden opportunity to be one of the most prosperous com¬ 
munities in the nation." The little city was to get $2,943,400 for sale 
of the island, and the prospects of a tax drop looked very good indeed. 

Stories of joy and delight can be heard in many communities across 
the nation where nuclear plants are going up. A survey of the Water¬ 
ford, Haddam, Northfield, and Rowe areas of New England in 1965 
indicated that the tax windfall benefits that come with power plants 
seem to override most objections by conservationists and others. A news 
article published around that time may infect the reader with some of 
the breathless excitement of townspeople as they welcome their atomic 
good neighbors to their communities: 

Perhaps the happiest board of selectmen in all of New England 
gathered at sundown the other day for a weekly meeting in this 
Mohawk Valley community. [Rowe, Massachusetts] 

The happiness was built on affluence following the construction 
of an atomic-powered generating plant which has spilled new tax 
receipts into the community. A visitor to the meeting, former Select¬ 
man John H. Williams, a local real estate and insurance broker, 
summed up the cause for the happiness this way: 

“Where else can you have an $18,000 new home and have annual 
real estate taxes of only $35? Why, you can pay them out of pocket 
money." 

The selectmen nodded in agreement, and Mr. Williams con¬ 
tinued: 

“Those people down in Connecticut should count their blessings." 

He was referring to objections raised to a program of public 
utilities to build atomic-powered generating plants, one already un¬ 
der construction on Haddam Neck on the scenic Connecticut 
River. . . . 


Let us all count our blessings. 




































CHAPTER XVIII 


Be It Therefore Resolved 


The villain of this book is a process as old as human history. It is the 
process by which men lured by a compelling vision lose their sense of 
balance and self-restraint in pursuing it. The great American Dream 
of a virgin land of unlimited opportunity produced some of the noblesi 
thoughts and deeds ever recorded, yet the process by which that dream 
was fulfilled has left Americans with a legacy of despoiled land, 
plundered forests, befouled lakes and rivers, ransacked oil and mineral 
fields, desiccated prairies. 

The splitting of the atom has inspired mankind with a vision of 
equal grandeur, a vision of a world whose peaceful needs are served by 
a deadly force rendered tame by men of wisdom and good will. Un¬ 
fortunately, the means by which we are attempting to achieve that 
vision bear a disquieting resemblance to the old process. The style is 
modem, the essence unaltered. 

There is, however, a difference, and it is so crucial that one is justi¬ 
fied in calling it literally a world of difference. For if man of today is 
no more responsible than man of yesterday, he is, however, more 
directly confronted w T ith the fruits of his irresponsibility. The shrinking 
of our world is forcing us to recognize terrestrial life as a delicate 
closed system whose components are subject to irreparable attrition, 
and whose resources, to irreversible dissipation. At the same time, the 
violent blossoming of science and technology in our century has placed 
in man's hands more effective means than ever before for creating 
grave imbalances in his surroundings. 

Thus while men of yesterday were able to “move on" after destroying 
or exhausting their local environment, we are today conscious that our 
local environment is nothing less than Earth itself, and there is no 
moving on. Because the relationship between nature and technology 
has become too finely balanced for us to take the same old liberties, it 
is incumbent on us to reflect more seriously upon the significance of 
all our enterprises, to assess possible ways in which temporary advan- 
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ti , R es are secured only at the intolerable cost of long-range liabilities. 
Nothing better illustrates this truth than the contrast between the 
potentially catastrophic consequences of atomic power and its ephem¬ 
eral, even illusory, benefits. 

Although the Atomic Energy Commission and the atomic power in¬ 
dustry deserve praise for maintaining a low accident rate, the facts 
marshaled in this book suggest forcefully that that record, as atomic 
power rises from its current 1 per cent of this country’s electricity- 
producing capacity to about 25 per cent by 1980, will not be maintain¬ 
able. More importantly, the fact that one accident alone can create 
havoc equivalent to innumerable conventional disasters, plus the fact 
(hat even if no major accident occurs, the cumulative problems and 
hazards will burden future generations with a cross of staggering 
weight—these facts point to the conclusion that continued effort to 
develop a safe atomic power program is not worth the risk to humanity. 

Over the period of time during which this book was being written, 
l he authors asked themselves what recommendations they could make 
toward rectifying the many problems they were documenting. Scores 
of solutions were considered, then rejected when it became clear that 
they promised only partial or temporary alleviation, and that in due 
time the old iniquities would flourish again. 

Gradually, therefore, a profound realization emerged: that because 
we were dealing with ultimates, nothing less than ultimate action was 
essential. By allowing the nuclear power industry to expand to its 
present size at the cost and risk of every other industry in the country 
and of all private citizens, this country has made a mistake which may 
surpass any made in its history) yet we dare not allow the enormity of 
our error to intimidate us into denying its existence or foregoing what¬ 
ever measures are required to correct it— however drastic. 

The proposal that follows will thus, we know, seem on the surface 
extreme, presumptuous, and impracticable. Yet we believe the reader 
will, upon reflection, see that the most difficult part will be for this 
nation to recognize collectively that in the matter of peacetime atomic 
power we have made a mistake. That recognition, plus another—that 
we have actually stepped only a few paces down the road, if we com¬ 
pare the size and number of plants now in operation compared to those 
projected for the next decade-will enable us to proceed with the com¬ 
plete abandonment of the nuclear power plant program. 

As we have said, we are the first to realize that this suggested 
termination of a program in which billions of dollars have been in¬ 
vested by government and industry will appear extreme, and some 
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critics will probably call it mad. Yet we can’t help but believe that the 
reader who has seriously weighed the facts and possibilities must be 
asking himself whether anything could he madder than to continue 
erecting this threat to the human race of incredible magnitude . 

As a matter of fact, far from being mad, the cancellation of a 
stupendous and costly technological enterprise is in no way unprece 
dented in recent American experience; nor is cancellation of this one 
by any means beyond present capabilities. 

As these pages are being written, for instance, President-elect Nixon 
has expressed serious doubts about continuing production of the F-iii 
all-purpose military airplane, which has not only failed to satisfy a 
great many requisites for which it was designed, but has sent a number 
of pilots to their deaths in both test and combat flights. The program 
seems to have suffered from many of the same problems plaguing the 
atomic industry, including soaring costs. While the 1963 estimate of 
P'lns costs, based on 1708 planes, was $7*809 billion, a revised 
estimate issued in 1967, based on 548 fewer planes, came to $11,187 
billion. Here is a white elephant potentially more costly even than 
atomic power, yet our Government may well have to swallow its pride 
and admit that the plane just doesn’t work. On a smaller but still im¬ 
pressive scale, Boeing Company, after spending tens of millions of its 
own, of the Government’s, and of the airline industry’s dollars to re¬ 
search and develop a swing-wing supersonic plane, has had to confess 
it just can’t swing the swing-wing, and is therefore reverting to more 
conventional fixed-wing design. 

Foi that matter, abandonment of huge projects is nothing new to the 
atomic power establishment. When, for example, AEC Chairman 
Glenn Seaborg notified the Joint Committee on Atomic Energy, early 
in 1967, that the Government was closing down its Heavy Water- 
Organic-Cooled Reactor project after spending some $22 million, it 
brought to a total of $358.4 million the sums spent on civilian power 
projects passed out, as one report put it, "without achieving their 
announced objectives.’’ 

While admitting failure will not come easily to the atomic industry, 
it will presumably come easier than taking the sizable losses connected 
with ending the reactor power program. Despite the industry’s con¬ 
tribution to the dangers of atomic power, we do not believe it should 
be required to bear the full brunt of losses entailed in ending the 
program, and a well-structured program would encompass ways in 
which those losses could be minimized. Subsidies, tax inducements, or 
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other Federal relief could be made available to assist manufacturers 
and utilities affected. 

The Government and its constituent taxpayers will have grounds 
for complaint that such aid to the industry is throwing good money 
after bad. Yet to the extent that our Government has promoted atomic 
power, and to the extent that the taxpayer, however unwittingly, has 
sanctioned that promotion, it is only realistic to assume that both gov¬ 
ernment and citizen will have to accept some of the responsibility for 
compensating the industry. When we consider what we would pay for 
damages sustained in a major accident, or what we will undoubtedly 
pay for atomically produced electricity as its price increases radically 
toward the end of the century, or what our children will have to pay 
to maintain mammoth storehouses of atomic wastes for centuries—then 
the good money we will have to throw after bad now should not seem 
inordinate. 

It must also be borne in mind that we will have to pay for decom¬ 
missioning nuclear power plants some day whether we abandon the 
program or not. The effective life of such plants is generally thought of 
as thirty years. Our Government and industry have clearly failed to 
reckon on the problems and costs involved in closing down and decon¬ 
taminating those plants when their term of usefulness has ended. In a 
letter and supplement by Glenn Seaborg to the JCAE, entered into 
the record of hearings on 1968 authorizing legislation for the AEC, 
the letter disclaimed responsibility for the costs of decommissioning 
plants, and even suggested it had little idea of how such matters would 
be handled. "The financing of the decommissioning of a power plant 
may come under the cognizance of the utility regulatory authorities, 
but not AEC,” we read, and "We understand that the regulatory com¬ 
missions do not anticipate and include in utility rates any provision for 
the cost of premature abandonment or sudden obsolescence of the 
plant.” 

If such an event occurs, Seaboarg’s document went on to say, the 
regulatory commissions would be faced with the question of "whether 
such extraordinary costs are to be borne by the customers, by the stock¬ 
holders, or by a combination of the two.” The only thing that seemed 
fairly certain was that ‘Within prescribed safety requirements, the cost 
to a utility of decommissioning its nuclear plant is dependent upon the 
extent of decommissioning that the utility decides is most to its 
economic advantage.” 

Seaborg expressed the conviction that the costs of decommissioning 
would not be substantial—he suggested $5 million for a 1,000,000- 



























PERILS OF THE PEACEFUL ATOM 


240 

kilowatt plant. It is difficult to understand how he arrived at that 
figure. In the same group of documents is a letter from AEC General 
Manager R. E. Hollingsworth stating that the estimated costs of mak¬ 
ing the recently shut-down Hallam plant “radiation-safe” is $2.2 
million, not including the offsite storage or reprocessing or disposal of 
the fuel and sodium! And Hallam was just a mere slip of a thing com¬ 
pared to the 1,000,000 kilowatters planned for tomorrow. 

In short, we, as taxpayers, ratepayers, or stockholders, will have to 
absorb the costs of closing down atomic power plants no matter what 
happens. The price paid now, however, will be far lower in every sense 
of the term than the one paid tomorrow. 

The vacuum left by the abandonment of the atomic power program 
will of course have to be filled by nev/ energy sources and techniques 
of electricity generation such as those sketched earlier. Here again is 
a way in which industries affected by the halt can recoup, for the 
Government might award them a variety of incentives to develop alter¬ 
nate technologies. If that support doesn't compensate them entirely, 
they must consider that they may be getting away cheaply compared to 
losses they would probably sustain in the future either from a plant 
catastrophe or the catastrophe of astronomic costs. 

The seminal lesson to be learned from the saga of the atomic power 
program is that reasonable reservations, even when expressed by 
scientific, technical, and governmental experts pre-eminent in their 
fields, do not always prevail once a project of this scale begins to pick 
up impetus. Thus it cannot be hoped that a mere appeal to reason, even 
when supported by a body of facts and arguments as impressive as we 
believe we have assembled here, will overcome the resistance of vested 
interests. Reason, therefore, may have to be reinforced by most vigorous 
action on the part of the entire national community. 

It is hard to say whether our nation is beset by more problems today 
than in the past, but it can probably be asserted safely that the con¬ 
stant barrage of pleas by organizations seeking support for their causes 
has had the unintended effect of paralyzing the sense of concern 
Americans have traditionally felt for their country's problems. While 
practically all of those causes deserve our attention, their collective 
clamor has caused many to seek refuge in apathy. The result is that 
when a genuine challenge to survival confronts us, our numbed sense 
of values may have difficulty identifying it as a crisis of the highest 
priority. 

Not long ago a columnist half-humorously suggested that this form 
of paralysis could be overcome by a program of “selective apathy,' of 
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ordering our public concerns so that some issues took a back seat to 
others. “Selective apathyof course, is just another way of saying that 
we must place first things first, and without suggesting that such prob¬ 
lems as poverty, education, racial discrimination, transportation, com¬ 
munication, balance of payments, urban blight, and mental health are 
deserving of apathy, we do not feel unreasonable in asserting that they 
are of secondary importance to the question of simple survival. For 
only after survival has been accomplished can men seek other social 

goals. # . 

It must thus be urged that the American public review its priorities 
and grant the menace of atomic power the primary consideration it 
requires. Neither scientist nor private citizen can afford to be on the 
fence in this issue, but must take a definite stand against the unprece¬ 
dented risks to which nuclear power plants are increasingly exposing 
us “Great public problems,” said Robert Rienow in American Prob¬ 
lems Today, “cannot be ignored; they clamor for solution. And the 
citizen who sleeps is helping to decide whether he wills it or not. The 
large associations, the groups, are lined up for and against an issue. 
They will force it to a verdict. To refuse to cast your influence one 
way or the other is to stand for the stronger group. As the Bible says, 

‘He that is not with me is against me.’ ” 

Whether America endures or not may well depend on whether 
enough Americans, Americans of every interest and persuasion, can 
cease struggling against one another in order to recognize a mutua 
hazard and join this larger battle: the battle for sanity, safety, and 
survival. 











































CHAPTER XIX 


Closing the Responsibility Gap 


“The only thing necessary for the triumph of evil,” said Edmund 
Burke, “is for good men to do nothing.” Because vital information 
about the atomic power program has been obscured from public con 
sciousness, good men have been unable to combat its evils effectively. 
But though the menace has reached substantial dimensions, it has noi 
yet arrived at the point where we are helpless to reverse it. A void 
exists, but there are a great many things that can be done to fill it, and 
because our personal and national futures may ultimately depend on 
timely, concerted action, a forceful program must be launched at once. 

At the conclusion of this chapter we will indicate a number of ways 
in which you, the individual citizen, may take action, and how other 
members of the national community can participate. Before taking up 
those roles, however, the spotlight must be focused on one group whose 
voice is indispensable in averting the perils facing us in nuclear power: 
the scientists. 

For better or worse our supertechnology has forced us into depend 
ency on our scientific leaders, not merely for technical guidance but in 
large measure for moral guidance as w 7 ell. Unless the wdsest leadership, 
courage, and responsibility are exercised by this powerful segment of 
society when we turn to it for counsel and support in the nuclear power 
issue, w?e may be led by others up a path from which there is no 
returning. 

A number of critics within and outside the scientific disciplines have 
recently made us aware of the subtle ways in wdiich the scientist’s 
vested interests frequently subvert his resistance to projects not always 
in the best interests of the social community. The scientist, being only 
human, is no more eager than anyone else to put himself out of busi 
ness; and certainly there are more than enough rewards from the 
private and public concerns that employ him to make sacrifices of lead¬ 
ership easy for his conscience to bear. Yet every such sacrifice casts 
far more than conscience into the shadows; it casts public security into 
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them as well. Such conduct may have been more acceptable in an 
earlier day when scientific decisions did not touch on the totality of 
life on this planet. But today, when that totality is directly threatened 
by every erosion of scientific conscientiousness, the scientist is morally 
bound to assert the most positive leadership. 

This lesson should have been learned when the fruits of the Manhat¬ 
tan Project were harvested in the sides over Hiroshima. Yet to read 
some published accounts, the scientist’s struggle with his conscience 
ended with the atomic bomb, and the issues are now largely history. A 
passage from “The Integrity of Science,” prepared by the American 
Association for the Advancement of Science, reminds us that the issue 
still bums as brightly as the fireball that razed Hiroshima: 

The growing interaction between science and public policy re¬ 
quires considerable attention to the problem of distinguishing scien¬ 
tific problems from those issues which ought to be decided by social 
processes. An example of the tendency to confuse scientific evalua¬ 
tion with social judgment is the matter of radiation standards. Here, 
a scientific body, the Federal Radiation Council, is engaged in set¬ 
ting standards of acceptability which are basically social judgments 
regarding the balance between the hazards and benefits of nuclear 
operations. These judgments are, or ought to be, wholly vulnerable 
to political debate, but their appearance in the guise of a scientific 
decision may shield them from such scrutiny. 

As we have seen, many scientists have spoken out against the rapid 
expansion of the commercial atomic power program. Unfortunately, 
these individuals have been unable to convey their anxieties adequately 
due to lack of effective organizations through which such opposition 
may be communicated to the public. At the same time, Congress, in¬ 
cluding the all-important Joint Committee on Atomic Energy, has been 
guided by an army of scientists employed by the Atomic Energy Com¬ 
mission and the nuclear industry. Our governmental leaders have thus 
been given every positive hope for nuclear power, while scientists of 
pessimistic persuasion are either unrepresented or outnumbered. 

The most promising groups for presenting the scientist’s reserva¬ 
tions about environmental threats to the Government are scientific- 
information or scientist-citizen organizations. But, most regrettably, as 
valuable as these organizations are, conditions have frequently con¬ 
strained them from taking aggressive actions. 

Consider the position of these groups. A conference on “Crisis in the 
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Environment” sponsored by the Scientists’ Institute for Public Inhu¬ 
mation in May 1967 made it clear that the Institute felt there were 
many vahd reasons for confining its role to supplying information 
only. 1 he point was repeatedly made in various speeches that: (a) the 
press respects the scientists’ objectivity in a way which would not be 
possible if they made specific recommendations and thus became in 
effect a pressure group”; and (b) to assume a directive role would 
deprive other citizens who are not scientists of their rightful role in a 
democracy. 

Furthermore, in private conversations with some of the members of 
the Committee for Environmental Information, one of the authors was 
given additional reasons for pursuing a policy of “information only,” 
namely: CO that while such groups can present scientific data without 
disagreement or internal conflict, the scientists who compile these data 
differ widely on political issues and may tend to disagree on solutions 
to health and safety problems; and (2) should such groups take more 
definite stands they would be subjected to pressure from industry and 
Government agencies affected by any adverse recommendations they 
might make-and hence might not be able to continue to operate at all. 

n article on the Committee for Environmental Information, pub- 
ished m Science on August 25, 1967, pointed out that originally the 
goal of this group was much broader: 

One of the three announced purposes mentioned at the time of 
the committee’s founding was the eventual expression of citizen 
opinion on policies relating to nuclear energy. However, after the 
first year of operations, the Board of Directors decided that the com¬ 
mittee would never attain the kind of community support it needed 
as long as there was a possibility that it might become an organiza¬ 
tion for expressing opinions. Consequently, the Board adopted by¬ 
laws which denied the committee the possibility of ever taking a 
stand on issues. 

To this day, the CEI continues to assert that it takes no position 
on the problems it discusses. One of the CEI directors pointed out 
that this policy of refraining from advocacy has at least two benefits: 
first it helps insure that contributions to the organization will be 
tax-deductible; second, it secures wider press publicity for CEI state- 
ments. In the committee there is a widespread feeling that CEI 
would be less noticed if it allowed itself to be viewed as yet another 
pressure group.” 
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Sensible as these reasons may be, they do not close the responsibility 
gap between scientific information and the public need for leadership. 
Nor can we agree with what appears to be the consensus of opinion of 
these groups: that the evidence and information they provide speaks 
loudly for itself, and that non-scientists can assume responsibility and 
take action without specific leadership from scientific information 
groups. 

The facts do not bear out this view. Private citizens outside of the 
scientific field have not taken actions which would seem justified on 
the basis of the scientific information provided to them. Instead, they 
have remained passive, and the nuclear power program has been 
erected on that passivity. But is the public to blame? Citizens, under¬ 
standably hesitant to judge scientific issues without scientific counsel, 
tend to feel that if the hazards related to nuclear science and technol¬ 
ogy were sufficiently grave, scientific information groups would speak 
out more aggressively against them and assume more decisive leader¬ 
ship. 

There are two tragic by-products of this failure. First, it leaves the 
public with the impression that those who do urge greater caution are 
exaggerating the hazards. The citizen, observing the failure of scien¬ 
tists as a group to take a more definite stand against the proliferation 
of nuclear power plants, may conclude that things aren't that bad after 
all. 

Second, even if he concludes that things really are that bad, how 
much support can he expect from experts compelled, by the charters of 
their organizations, to restrict their activities to supplying information? 
The layman's instincts, in matters of self-preservation, have often 
proved accurate. Yet, because modem society is so constituted that the 
layman is virtually helpless in the public forum without expert counsel, 
the scientist who limits his responsibility fatally undercuts attempts by 
laymen to combat threats to the welfare and health of the community. 

Thus, while we recognize the important contribution of scientific 
information groups, and fervently hope to see them continue their ef¬ 
forts to enlighten laymen on technological hazards, there is neverthe¬ 
less desperate need for scientists prepared to involve themselves more 
deeply in scientific policy-making. It appears, therefore, that a new 
kind of organization will have to be created in which independent 
scientists are freed to express views and promote policies they deem to 
be in the best interests of public health and safety. 

As we have seen, a number of scientist-citizen committees now in 
existence, such as the Scientists' Institute for Public Information and 
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the Committee for Environmental Information, restrict their activities 
to public presentation of information about the problems and hazards 
of modern technologies such as atomic power. A committee such as we 
envision would move beyond those areas. 

It would for instance undertake direct-mail campaigns to newspaper 
editors and columnists, radio and television producers, religious leaders, 
writers, educators, conservation groups, and other organizations. It 
would arrange for lectures, prepare and place advertisements in the 
various media, and perhaps develop a reference library documenting 
radiological and other hazards relating to atomic energy. One of the 
most important functions of the committee would be to advise the 
Government on the determination of a realistic environmental “radia¬ 
tion budget” such as we will be describing presently, and to assist the 
Government in the assessment and publicizing of growing environmen¬ 
tal radiation. 

The formation of such a committee would, we believe, fill an urgent 
need, both during the time when atomic power was under study and 
beyond, when phasing-out of that program would hopefully be in 
progress. For even if a halt to construction of new civilian reactors were 
called tomorrow, an organization would be necessary to alert the public 
to, and promote control of, radiation releases from reactors now in 
operation, from wastes already accumulated, and from current tests 
and other sources. Another important task it could perform at once is 
publication and distribution of a booklet informing the public of what 
to do in the event of a major nuclear plant accident, or other accident 
involving release of radiation. Still other functions would be to pro¬ 
mote training for all police and fire department personnel in handling 
transportation, power plant, and other accidents involving radiation; 
promote extensive training for hospital personnel throughout the na¬ 
tion in radiation emergencies; and publicize advances in other forms of 
energy technology and electricity generation. 

Will scientists step forward? It is difficult to see how scientists who 
feel strongly that greater caution is needed in this area-and the num¬ 
ber who have declared themselves publicly and privately is great in- 
deed-can fail to unite to take action. While they may differ in details, 
it is unlikely they will take issue with a statement made in a report of 
the Congressional Subcommittee on Science, Research, and Develop¬ 
ment made in October 1966: 

Time was when man could afford to look upon the innovations 

of technology with some complacency. For the innovations came 
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slowly, they were put to use in a relatively slow and modest fashion, 
and their side-effects developed at a sufficiently relaxed pace to per¬ 
mit man to adjust to them—or to alter his course if the threat were 
great enough. 

Surely it is obvious that this day is gone. The tempo of our times 
can almost be described as a gait of “running away.” 

The sum of scientific knowledge is doubling every decade or so— 
and our galloping technology is doing its best to stay on even terms. 
Human ingenuity has never had at its command a wider choice of 
tools with which to stimulate the economy, or defend the country, 
or provide for the general welfare, or just to make money. 

All this is being done with dynamic efficiency, but so rapidly that 
there is scarcely time to look around and assess the side-effects of the 
new technology put into action. Yet these effects apparently are so 
strong—and quite possibly so dangerous—as to pose a genuine threat 
to man and to his physical, mental, and spiritual environment. 

The subcommittee believes that we can no longer blindly adapt 
technology to our needs with the traditional assumption that there 
will be ample time to iron out any bugs on a leisurely shakedown 
cruise. A bigger effort must be made not only to foresee the bugs but 
to forestall their development in the first place. The alternative could 
be disastrous and indeed might turn our physical and social world 
into something almost uninhabitable. 

Let us now turn to the role of the private citizen. 

As a taxpayer you are entitled to protest, to your representative in 
Congress, the use of your tax dollars to subsidize an industry which 
threatens your life, health, and property. You should therefore urge 
him to support legislation calling for reassessment of the nuclear power 
program, including suspension of plants under construction and 
a moratorium on new ones, until a thorough evaluation of the objec¬ 
tions raised by scientists, medical experts, conservationists, and other 
critics has been made. You can also urge him to back other legislative 
moves such as those we will outline presently. 

Citizens may also organize community groups geared for a variety 
of important activities. 

a . One of these is public information, for the nuclear power pro¬ 
gram's hazards must above all be brought to the attention of citizens in 
every walk of American life, and the false impression given by govern- 
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ment and industry that nuclear plants are clean or pollution-free 
rectified. Wider press coverage of radioactive hazards should be sought 
by citizens' committees, who can insist that newspapers, magazines, 
radio, and television stations present the views of those who urge cau¬ 
tion in nuclear power, rather than devoting as much attention as they 
have in the past to the so-called “miracles” of the atom. 

b. You can join, or your citizens’ committee can explore the pos¬ 
sibility of affiliating with, conservation groups dedicated to all phases 
of environmental protection; or arrangements might be made for noted 
conservationists and others dedicated to the cause of a sane energy policy 
to lecture on the dangers of atomic power before clubs, churches, and 
other organizations capable of effecting community action. You can 
subscribe, and persuade your library to subscribe, to a variety of con¬ 
servationist and scientific information bulletins designed to inform lay¬ 
men in non-technical language of atomic hazards and other threats to 
the environment; and citizens’ committees can arrange for community 
distribution of reprints of important articles on the subject or of re¬ 
lated literature. 

We particularly recommend Environment (formerly Scientist and 

f o? Ub , lished by the Comnlittee ** Environmental Information, 
438 . Skinker Blvd., St. Louis, Missouri 63130, for its clear and 
concise presentation of environmental and technical problems. 

c. It should be noted here that conservation groups themselves, for 
ail their splendid work, have permitted the responsibility vacuum to 
expand. Not realizing the full scope of atomic power’s perils, they have 
concentrated their attentions on more conventional forms of pollution 
or limited description of atomic plant pollution to thermal and radioac¬ 
tive effects on local marine life. But those effects are merely one link 
m an ecological chain reaction of unimaginable dimensions, as we 
lave seen, and so it is incumbent on conservation groups to awaken 

to the menace of, or broaden the base of their opposition to, atomic 
power. 

d. We believe that religious leaders of every denomination must take 
a particularly active role in opposing nuclear folly. Can they, in good 
conscience, neglect to urge a new concern, a new sense of humility 
and responsibility, on the part of science, industry, and government 
toward human and all other forms of life which may soon be irrepara¬ 
bly damaged by the deadly process of nuclear power? Are they not 
obliged to ask penetrating questions about the justification for building 
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large nuclear plants around the country before safety problems are 
fully understood, or before those related to storage or disposal of radio¬ 
active wastes have been solved, and before assessment of radiation's 
threat to future generations can be made? Are they not aware that if 
proponents of nuclear power continue to prevail, it is altogether pos¬ 
sible that tomorrow's, or even today's, children may inherit a world 
in which the air they breathe, the food they eat, and the water they 
drink has been irreversibly polluted with man-made radioactivity? And 
in view of the movement among today's clergy toward activism in mat¬ 
ters of civil rights and racial injustice, might it not be appropriate for 
religious leaders to speak out against this threat to men of all colors 
and conditions? Who knows but that by uniting to combat it the races 
and faiths will be brought into closer harmony? Consider the possible 
alternative of a brotherhood of sorrow and suffering through nuclear 
calamity. 

Organized citizens have many courses of action available for local 
combat against atomic power and its dangers: monitoring of air and 
water for excessive radiation, and pressure on public officials for strict 
enforcement of local and national radiation “budgets”; distribution of 
information on radiation threats and on measures to take in the event 
of a nuclear plant or transportation accident; a campaign for adequate 
training of police, fire, and other emergency services; a blueprint for 
evacuation of endangered areas; increased stress on training and equip¬ 
ment in hospitals for handling of radioactivity disasters. 

There are also several legal or quasi-legal modes of action for citizen 
groups to take. One is intervention in AEC licensing hearings. Another 
is lawsuits aimed at barring construction and operation of nuclear 
plants. The reader has only to cast back through the pages of this book 
to find many grounds on which such actions may validly be based. 
Citizens’ groups might also strive to have independent surveys made of 
the potential consequences of a major nuclear plant accident at each 
of the facilities now operating or under construction. Such studies are 
essential, for realistic action can be taken only by examining specific 
reactors at specific sites and assessing both the probabilities of a serious 
accident and the possible effects upon the surrounding land and popu¬ 
lation centers. 

While the individual citizen, alone or in concert with other citizens, 
can exercise significant influence on the atomic power program, an 
even more telling thrust can be made by the business community, 
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whose financial resources and organizational structure can be mobilized 

01 action on the scale required. The twin rationales for such action 
should be apparent: 

. Fll ' St ’ the Sa f ety °f every other industry in the country is now hana- 
mg precariously on that of the nuclear industry. 

Second, commercial atomic power is an unpromising investment 

1 TlC P “ Sp£Ct 0f devastation resulting from a single major nuclear 
plant accident, or even of a smaller one such as a transportation acci- 
le casing radioactive cargo into an important watershed, should 
be sufficient reason for the most extreme opposition on the part of 
adeis of every commercial enterprise. Evacuation of all or part of a 
city would cause calamitous losses and disruptions. Financial losses due 

'll*™ 1 ? ° r SUSp f Si ° n of businesses would radiate throughout our 
nationwide network of interdependent firms, and eventually affect 
foreign trade Business records and vital information systems might be 
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J* effect . of an “incident” on agricultural production and real 
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Z Jh a businesses, shops, and stores stand to be ruined, not 

y by ladioactive contamination of premises and products but pos¬ 
sibly by the looting which almost invariably follows in the’ wake of 
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surance foid7 TV J ° f or that a vailable In¬ 

surance funds might be exhausted in the accommodation of the most 
ciespeiate and immediate cases. 

assertioiif maT- h STl T’ * V uld be borne in mind ** if the 

linlfode thaf I" ^ the wise businessman will 

oncludc that atomic power is, simply, an unprofitable proposition In 

due time the business world will be adversely affected by the atomic 

industry s senous misjudgment of costs, which will lead to increased 

and Semces w 'f in that industry (as has already hap- 
P ned), leading m turn to inflation and mounting charges for indus- 
11a e ectncity Eventually the economic disaster predicted by some 
observers for the nuclear power field would touch every other area of 

taeVtr;- T h " >” 0M ™ » "-lea' 

fotuie. If, either because of a plant accident or some other reason our 
Government required suspension of atomic plant operations through- 
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The indifference toward nuclear power’s risks and hazards demon¬ 
strated by the rest of the business community can only be laid to un¬ 
familiarity with the scope and depth of the menace. If this book has 
dispelled some of that ignorance, then several courses of action will be 
open to the business community. 

Every industry with a Washington lobby can apply pressure on 
Congress to effect legislative changes. Farmers’ co-operatives and labor 
unions can do the same. Stockholders in various industries can exercise 
their influence on directors to oppose the construction of nuclear plants 
which threaten not only their investments but their very lives and the 
safety and security of their country. 

The life and health insurance industries, which unlike the property 
insurance industry do not exempt radiation harm, have good reason to 
press for change, for a single nuclear accident could threaten bank¬ 
ruptcy for scores of insurance companies burdened by hundreds of 
thousands, and possibly millions, of claims. Indeed, the nuclear and 
utility industries, by virtue of the uncertain constitutional position of 
the Price-Anderson Act, are not entirely secure from liability beyond 
the present nominal insurance limit. 

There are other courses too. Direct appeals by threatened industries 
to the public, such as the recent full-page ad taken by Macys Depart¬ 
ment Store in the New York Times urging stricter gun control laws, 
would widen public awareness. The advertising industry, which has 
been increasing public service endeavors in such fields as air pollution 
and cancer, could turn its collective genius to the hazards of atomic 
power. 

The business world must bear much of the cost of combating the 
menace of atomic power; while there is much for the citizen to do, it 
would be naive to think that conclusive results will be achieved with¬ 
out the financial muscle that only commercial and industrial forces can 
provide. 

Of course, the businessman can consider not only the negative 
aspects of the atomic power problem—its potential harm to his financial 
interest—but the positive side as well, namely the opportunity it repre¬ 
sents for exploring new and potentially profitable avenues of energy 
development now closed due to lack of public support and funding. By 
merely being businessmen and pursuing the scent of profit—or avoiding 
the bad odor of profitlessness, such as has begun emanating from the 
atomic power program—businessmen can make a valuable contribution 
to averting the present peril. 

Thus, working together toward a common goal, business and labor, 





































252 


PERILS OF THE PEACEFUL ATOM 


agricultural interests and conservationists, scientists and other in¬ 
dividuals in widely differing fields of endeavor, can present a united 
face to those in Washington who are in a position to reverse the 
dangerous trend. Let us consider, then, the responsibilities of Congress 
and other branches of our Government. 

As we have pointed out, there are currently significant indications 
that Congress is at last awakening to the critical implications of our 
rapidly growing nuclear power program, and a number of resolutions 
are on the floors of both houses. Among other things, these stress the 
need for assessment of the program in terms of its high cost, its unfair 
advantage over other energy sources, its incursion on funding of other 
vital programs such as health research, its threat to the health and 
safety of the public, its thermal and radioactive pollution threat, the 
location of plants near urban areas and other population concentra¬ 
tions waste disposal problems, and possible accidents. Measures urging 
re-evaluation of nuclear power programs and policies and creation of a 
review body, such as Representative John Saylor’s proposed Federal 
Committee on Nuclear Development, are receiving wide support In 
endorsing a Senate resolution, West Virginia Senator Jennings 
Randolph wondered “whether we in this Congress-or in past Con¬ 
gresses that enacted nuclear power development legislation, or in 
Congresses yet to come-possess the right to gamble with the nation’s 
and the world’s future and safety by continuing a program in which 
such clangers seem inherent.” 

. Not sur P nsin gly, the AEC has opposed all such resolutions, claim¬ 
ing that since the Joint Committee conducts a continuing review of 
the nuclear program, an independent study of its hazards is not neces¬ 
sary. It is of paramount significance, however, that despite the fact 
that several of the Joint Committee’s members have described them¬ 
selves as ardent advocates of atomic energy for electricity generation, 
the Committee itself saw fit, in recommending congressional authoriza¬ 
tion of the 1969 budget for the AEC’s civilian reactor power program 
to issue the following statement: 

The Committee feels compelled to repeat a word of caution con¬ 
cerning this sudden reliance on nuclear energy for the generation 
of electrical power. This dependence, which becomes a reality start¬ 
ing in 1971, when about 50 percent of the new additions scheduled 
for that year will be nuclear, involves many new and major tech- 
nological developments in the fields of design, fabrication, construe- 
tion, and operation. Encountering difficulties in any of these areas 
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cannot be discounted—indeed, as with any new technology, they 
must be anticipated. Particular vigilance must be exercised by all 
concerned to anticipate and minimize such problems to the greatest 
degree possible. The Committee again urges designers, manufac¬ 
turers and utilities to devote the closest attention to all of these 
factors. 

Problems, some unforeseen, have already come to the attention of 
the Committee. For the most part, they have been controllable and 
have not resulted in serious interference with the Nation's energy 
supply. It has been reassuring to note that cautious surveillance has 
brought these problem areas to light at a stage early enough to per¬ 
mit competent authority to solve them fairly expeditiously. How¬ 
ever, our concern is accented because of the major dependence being 
placed on this revolutionary new technology during the next few 
years. Contrary to attitudes that appear to exist in certain parts of 
the utility industry, nuclear power does involve significant changes 
in nearly all aspects of power generation, running the gamut from 
plant design to operation. While the major responsibility for making 
this new energy source a success resides with the plant and equip¬ 
ment designers and manufacturers, the Committee feels that the role 
which the electric utilities must perform has not been sufficiendy 
emphasized. . . . 

The electric utility industry's reputation for acting responsibly is 
not undeserved. However, there appears to be a portion of the in¬ 
dustry which lacks a full appreciation of the job confronting the 
utilities at this time, particularly with regard to in-house technical 
competence. It is to the latter that this cautionary note is addressed. 

Thus, with even die Joint Committee on Atomic Energy expressing 
anxiety about the problems of atomic power, the stage is set for a 
drastic new examination of policy in this area. Let us now quickly 
review some of the aspects that deserve scrutiny: 

One of the most important is the Price-Anderson Act, with its no¬ 
recourse provision legally preventing citizens from recovering damages 
in excess of $560 million for property contamination as against the 
AEC's projection of damages as high as $7 billion. Repeal of this Act 
would place financial responsibility back on the manufacturer and 
utility, and thus increase pressure on the companies that insure them. If 
this responsibility proves so heavy that private industry is forced to 
withdraw from atomic power, it will only demonstrate what critics have 
been saying for over a decade: that safety and economy in nuclear 
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power plants are compatible only if the public pays the difference. The 
public must refuse to pay that difference any longer. 

Another move aimed at bringing issues to a head would be to ex¬ 
plore many of the legal contradictions inherent in atomic power pol¬ 
icy. For instance, what about the AEC’s acknowledgment that power 
reactors are not as yet of practical value? If they are not, then should 
utilities be operating them for profit? The Securities and Exchange 
Commission should investigate the paradox whereby utilities float stock 
and bond issues as if nuclear reactors were commercial facilities, when 
m fact they are licensed under the developmental provision of the 
Atomic Energy Act. Again, what about tire “provisional construction 
permit, allowing reactors to be constructed in advance of resolution 
of technical problems? Can reactors be permitted on our doorsteps 
when scientific theory and practices are still wide open to question? 
What about the constitutional issue of states’ rights in the siting and 
operation of atomic power plants? 

Clearly, then, there are many fields in which legislative action would 
prove fruitful, and where test cases tried in Federal courts would bring 
to light many of the unreasonable, improper, and possibly unconstitu- 
tional practices which have until now gone unquestioned. 

Whatever the outcome of such legislative actions, our Government 
should be pressed in every possible way to establish a realistic radia¬ 
tion budget” for the American environment. What, exactly, does this 
concept entail? 

At a colloquium held in December i960 at the University of Chicago 

Dr. Paul C. Tompkins of the U. S. Public Health Service pointed out 
that: 

(a) the quantity of radioactivity which our environment can tol¬ 
erate is limited and cannot be used twice; and 

(b) that we therefore require a “budget” for environmental radia¬ 
tion: one that will allow not only for normal operations, but for acci- 
dents and engineering failures. 

Dr. Tompkins further stated that current radiation protection stand¬ 
ards reflect only emissions from particular sources, not the accumulated 
radiation from many sources; and that a public health program to deal 

with atomic age problems requires a “lead time” of from ten to twenty 
years. 

On the basis of the facts presented by Dr. Tompkins and other ex¬ 
perts, the American people are entitled to a careful, comprehensive 
study to determine how much radioactivity has already been intro¬ 
duced into our environment. Account should be taken in this study 
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of all atomic reactors now in operation; the radioactive wastes they pro¬ 
duce; deliberately induced reactor accidents aimed at determining 
effectiveness of safety devices; and various experiments such as Plow¬ 
share. All other nuclear accidents to date, the disposal of radioactive 
wastes in rivers and oceans, and radioactivity resulting from weapons- 
tests should also be included. Furthermore, current concentrations of 
radioactivity in flora and fauna along various ecological chains should 
be measured, so that changes could be monitored. 

Only in this way can the American people know exactly how our 
radiation budget stands at the present moment. 

After these determinations have been made, additional studies should 
be launched to ascertain: 

(a) how much radiation is being added to our budget daily 
through nuclear reactors already operating, including nuclear ships; 
through other industrial uses of radiation; and through nuclear re¬ 
search and experimentation; 

(b) how much additional radiation will be introduced into our 
environment if new nuclear plants are erected. 

Such studies should take into account die probabilities of accidents, 
large and small, which, as Dr. Tompkins pointed out, must realistically 
be included in such a budget. The activities of other countries in 
reactor, weapon, and other nuclear technology must also be weighed, 
since the human environment does not recognize international bound¬ 
aries. 

The measurement of our radiation budget should be a function of 
the U. S. Public Health Service or a specially established, disinterested, 
and independent Government agency. Whatever agency undertakes it 
should be given wide latitude for utilization of Federal funds, informa¬ 
tion, and other resources in assessing the hazards of atomic energy. As 
we have said, even if the nuclear power program were terminated at 
once, such assessments would prove valuable; since it won’t be, legis¬ 
lators can reasonably argue that a freeze on further activity in the 
field should go into effect while the radiation budget is being compiled. 
That period would also give the Public Health Service some of the lead 
time Dr. Tompkins suggested is needed to develop a public health pro¬ 
gram to cope with nuclear-age problems, and would give industry a 
chance to develop some viable energy alternatives in the event—an 
event we believe likely—that publication of conclusive radiation statis¬ 
tics persuaded the nation’s leaders to drop atomic power for good. 

To accomplish all of the legislative tasks we have enumerated, pres- 
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sure must be brought to bear on tire men who wield the governmental 
tools. Perhaps, in addition to the conventional lobbies used by busi¬ 
nesses and industries to promote their interests, a consumer-taxpayer 
lobby ** could be formed to represent electricity consumers who do not 
want to subsidize nuclear power. As is well known, governmental ave¬ 
nues have been established by which consumer interests can be ex- 
piessed to the President and other high officials who are in a position 
to influence legislation. The consumer of electricity should be no worse 
represented than the consumer of supermarket products, especially 
where life-and-death conditions are involved. 

Opposition to atomic power might also be rallied among other lob¬ 
bies and special interest groups, for valuable tax dollars are being 
diverted from vital programs in order to serve the interests of the atomic 
power industry. Health research, aid to education, law enforcement, 
urban redevelopment—these needs are not only receiving less attention 
because of the hundreds of millions of dollars being poured by our 
Government into atomic power technology, but are all actually jeopar¬ 
dized by the hazards that technology possesses. Of what value, for in¬ 
stance, is Federally supported health research when the ever increasing 
fund of radioactivity in our environment as a result of atomic power 
operation and waste disposal poses a health threat of inestimable size? 
Well might other interest groups argue, as David Lilienthal did in 
1963: 

The time has come for us to cease thinking of the atom as a thing 
apart from all other segments of science. Until the atom is brought 
back fully into the mainstream of the scientific thought of this coun¬ 
try, and becomes one element of that mainstream, Congress will con¬ 
tinue to remain vulnerable to special pleadings for funds for atomic 
research, with too little opportunity to weigh that field, soberly and 
realistically, against our other needs and opportunities. 

Lilienthals plea extended to human as well as financial resources: 

Of all our national resources, minds are the most precious. Two- 
thirds of our trained minds available for exploring scientific and 
technical frontiers, we are told by the President, are absorbed by 
the space, defense, and atomic energy activities of our country. The 
rest of Americas needs are relatively impoverished, neglected and 
starved. 
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We have presented here a program for the orderly cessation of the 
atomic power program and its gradual replacement by less hazardous 
and more economical energy sources. We have also suggested some 
avenues for the formation of new philosophies and policies in the area 
of power generation, as well as for a workable system through which 
they could be promoted. And we have outlined ways in which every 
sector of American life can produce these changes, without fatal eco¬ 
nomic disruptions, merely by shifting the focus of self-interest away 
from a perilous endeavor to a safer one. Human nature need not 
change to accomplish this shift; only some practical human goals. 

Yet the cosmic questions that these issues raise, questions about the 
relations between man and his planet, about his thoughtless ventures 
into realms bristling with hazards and uncertainties, about his per¬ 
sistent disregard of warnings issued by the wise and by the groans of 
tortured nature itself, about the prospects of his survival for even the 
next century, let alone for the aeons in which he could prevail by hus¬ 
banding his resources prudently—these questions lead one, forgivably, 
to wonder whether human nature itself is not at last confronted with 
an imperative to change. 

And to those who believe in the existence of a Supreme Being, there 
is an added dimension to this question. For then it becomes not just a 
matter of scientists and engineers bucking the odds against turbulent 
nature and inexorable time; it becomes one of puny mortals pursuing 
power and profit through “the most deadly, the most dangerous process 
that man has ever conceived” in proud defiance of human limitations. 

Such defiance is the stuff of which tragedies are wrought, tragedies 
from which man may emerge for a time as hero but never, when the 
last trumpet is sounded, as victor. “The fear of the Lord,” it is written, 
“is the beginning of wisdom.” 

Knowing this truth, do we dare continue gambling against Fate? 
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